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ORIGINAL ARTICLES. 


NOTE ON THE INFLUENCE OF FORESTS UPON RAINFALL. 


By Wm. FERREL. 


So much has been said recently, and mostly well said, upon 
this subject that it seems superfluous to attempt to add anything 
more. There is, however, one point left untouched, so far as I 
have read, which has an important bearing upon the subject, 
especially upon experiments and observations made to detect 
such an influence by actual measurements of rainfall under dif- 
ferent conditions of either time or place. 

If a whole continent had mostly a hard and barren surface the 
rain would be hurried off more rapidly to the ocean, and less of 
it would be evaporated on the continent, while the evaporation 
over the ocean would not be increased, and so a slight decrease 
in the general rainfall over the globe would take place. And 
the reverse of this would happen if the continent mostly without 
forest should become covered by dense forests. But I think it 
is generally supposed that the effect of an inerease of the forests 
is experienced in the locality or region where the forests are, 
and so the vapor which rises from any place into the air must 
fall back again, or nearly so, upon the same place. This, how- 
ever, is not the case. In the middle and higher latitudes where 
the general drift of the atmosphere, with a moderate velocity 
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near the earth’s surface, but a much greater one at a moderate 
hight above, is from west to east, or nearly so, the vapor is con- 
stantly carried eastward from the place where it first rises, until 
the conditions arise which cause ascending currents, in which 
alone the vapor is condensed, and any sensible amount of rain- 
fall takes place. This may be a week, or even several weeks, 
and meanwhile the vapor is carried hundreds of, miles eastward 
from the region where the evaporation took place. Even the 
vapor which rises in the central part of a cyclone, it is well 
known falls one or two hundred miles in advance of the place 
where it first begins to ascend. In experiments, then, to deter- 
mine the effect of forests upon rainfall it becomes important to 
know where to place the rain-gauges, and this, in our latitudes, 
must certainly be at a long distance east of the place where the 
evaporation takes place. If the whole of the prairie country on 
the slope between the Mississippi valley and the Rocky Moun- 
tains should become covered by a heavy forest, there would, no 
doubt, be a small increase in the evaporation, but to determine 
by observation the increased amount of rainfall arising from 
this, the rain-gauges would have to be placed, not in or near 
this region, but in those to the east of it as far as the Atlantic 
ocean, and the vapor would be carried so far and spread over so 
great a territory, that the increased rainfall at any given place 
would perhaps be entirely insensible to observation. 

The opinion prevails in the extreme west that the cultivation 
of the soil, rather than the increase of forests, is increasing the 
amount of rainfall there. I saw a man recently from south- 
western Kansas, who, apparently entirely sane in other respects, 
gave it as his opinion, that it would be only a few years after 
the settlement and cultivation of Oklahoma until there would 
be an abundance of rainfall there. The cultivation of a given 
amount of the soil would perhaps increase the evaporation as. 
much or more than an equal area of forests, but the effect upon 
rainfall, if sensible anywhere, would not be in Oklahoma, but 
somewhere to the east or northeast. 

Evaporation is an important-condition of rainfall, but still 
without other conditions but little rainfall would take place. 
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Wherever there are ascending currents charged with vapor 
there are condensation and rainfall at or near the place, but 
without these, evaporation would simply continue until the air 
would become saturated with vapor, when we would have damp, 
and in summer warm and oppressive weather, such as is often 
experienced for a few days before the conditions arise which 
give rise to ascending currents and rain, but no rain. 

In the two wide belts of the trade winds extending around 
the globe there is the most evaporation, at Jeast on the oceans, 
and the least rainfall, while in the great equatorial cloud and 
rainbelt the reverse is the case. Here the meeting of the trade- 
winds, arising from the general circulation of the atmosphere, 
gives rise to the condition of an ascending current of air, nearly 
saturated with vapor from the dry tradewind belts, and an 
abundant rainfall. So, also, in all parts of the earth where the 
prevailing winds impinge against a mountain range, an ascend- 
ing current and an abundance of rainfall is produced, especially 
if these winds come from the ocean and a warmer latitude, but 
in all cases the abundant rainfalls depend upon evaporation at a 
distance, and not over the region where the rain falls. 


LEICESTER ACADEMY METEOROLOGICAL OBSERVATORY 


By ARTHUR KENDRICK. 

Leicester Academy is in the town of Leicester, Massachusetts, 
which is six miles west of Worcester. ‘“atitude 42° 14’ 49” N.; 
longitude, 71° 54 47” W. The village is on a hill top, about 
1,000 feet above sea level, and the academy buildings are upon 
the highest point. On the north side of the dormitory rises the 
square tower that is used for the meteorological observatory. 
Its flat roof is 54 feet above the ground, 1,065 feet above the sea, 
and moreover it commands a view of the country around for an 
average radius of ten or twelve miles. Two or three miles to 
the west, the land reaches its height, 1,100 feet, turning the 
water on its western slope toward the Connecticut River, and on 
its eastern towards’ the Blackstone and Nashua rivers. This 
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observatory, then, is within 35 feet of the level of the eastern 
height of land in Massachusetts, and upon an eminence com- 
paratively free from obstruction of surrounding hills. The tower, 
too, rises above all trees and roofs, and, with the possible excep- 
tion of two church towers, 300 and 700 feet distant southwest, 
there is no obstruction to wind or rain or sun in their action on 
the instruments. 

The rain-gauge is raised about seven feet from the roof on 
the southwest corner. A pipe leads the water to the room 
beneath. A trifle higher, on the northwest corner are hang the 
anemometer cups. Still higher than these, on the northeast 
corner, is suspended the metal drum that responds to the striking 
force of the wind. Hung in the middle of a six-foot chain, the 
top of which is attached to the upper part of the large iron 
bow-frame, and the lower end to the storm-cap, it swings freely 
in any quarter. The sun-thermometer is above the fourth 
corner, the southeast. It consists of a compound metallic strip 
mounted upon a firm casting, and set in the meridian at an 
angle of about forty degrees. The whole is encased in a glass 
cylinder. The vane is poised above the centre, and about the 
edge of the roof is a strong iron guard railing. The supports 
of all these pieces are of two-inch iron pipe; all are stayed 
firmly with wire. 

Directly beneath is the. room which contains the recording 
instruments—a room about 14 feet square, handsomely finished 
in hard pine, and well lighted by five windows, two in the south, 
one in each of the other three sides. Through the pipes used 
as supports for the pieces exposed upon the roof, connections 
are made with cases in this room containing recording instru- 
ments in corresponding positions. 

The pipe mentioned in connection with the rain-gauge leads 
the water to a wedge-shaped gravity bucket. This is delicately 


balanced in a frame that hangs from long spiral springs, and 
whose motion, down and up, is directed by vertical tracks. 
Under the increasing weight of water the springs gradually 
yield and the frame descends. But the bucket is so adjusted 
that a weight of water that is equivalent to that of a column half 
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an inch in height, and in base the area of the gauge is just suffi- 
cient to overbalance the vessel. The water is turned into a con- 
ductor below, and the springs, relieved of their weight, raise 
the whole to the original position. Attached to this frame is a 
red-ink pen. Behind the pen and lightly touching it, travels a 
chart. It is divided by vertical lines into days and three-hour 
spaces for a week. As the three-hour space is one-fourth of an 
inch, time can be read accurately to the hour and even less. By 
horizontal lines the paper is divided into spaces that represent 
tenths and hundredths of an inch, to .50. Precipitation is 
marked by the pen downward; time onward horizontally. The 
resultant maps out for the observer the amount and time of 
rainfall. In the case under the anemometer cups is a chart 
similar to that of the pluviometer just described, but here the 
horizontal lines mean miles, and the number is 20. A move- 
ment of the pen across the chart from bottom to top shows 
twenty miles of wind. It is attached to a lift running up and 
down on two parallel rods. This rests upon the edge of a differ- 
ential or spiral cam, which through simple gearing is rotated 
by the cups above. The difference between the greatest and 
least radii of this cam is the distance on the chart, above men- 
tioned, representing the twenty miles, and the radius increases 
that amount in one rotation. The instant the furthest edge of 
the cam passes under the lift, the latter drops to the starting 
point-——the beginning of the spiral edge. The chart recording 
the force of the wind, in a case in the northeast corner, is divided 
like those just described, the horizontal lines here representing 
pounds per square foot, extending to 40, from bottom to top. 
The storm-cap, mentioned above, is connected by a chain with 
a dynamometer below the chart. The pen is attached to this 
chain and moves up and down with it, kept in a vertical line by 
two parallel rods. The movement of this pen is vibratory, and 
the map made by it upon the chart resembles somewhat a section 
diagram used commonly to represent comparative mountain 
hights, where the scale for hight is greater than that for width 
of base. The outline is very irregular. So here, the general 
outline is more or less irregular, according as the wind velocity 
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during the week is more or less varied; quite frequently isolated 
lines shoot up from the outline, recording gusts of wind having 
much greater velocity than any immediately before or after. 
On the sun-thermometer chart the horizontal lines mark degrees 
Fahrenheit; the time is marked by lines transverse, but which, 
instead of being straight, are arcs of equal circles, the radius 
being the length of the lever arm that carries the pen. This is 
a lever of the third class, delicately balanced and suspended on 
pointed bearings. The power is the thermometer above, and 
the connection is a fine wire, attached near the fulcrum of the 
lever. The pen being several times the distance of the power, 
the imperceptible motions of the metal strip are multiplied and 
rendered discernible upon the chart. Passing clouds are regis- 
tered by sudden descensions of the curve; uniform sky, whether 
clear or.cloudy, by a comparatively unbroken line; clear atmos- 
phere, by great extremes, the highest soon after noon, the lowest 
just before sunrise; cloudy sky or humid atmosphere, by small 
extremes. The anemoscope, in the center of the room, consists 
of a chart mounted upon a metal cylinder, which is attached by 
a rod to the vane. On this chart time is marked by the hori- 
zontal lines, directicn of wind by the vertical. The pen moves 
downward uniformly with the time, and the chart turns as the 
wind changes its direction. Between the windows on the south 
side is one of Draper’s well known barometers. Time on this 
chart is in hour spaces, and the mercurial column measured as 
usual to the hundredth of the inch. The cistern of mercury is 
1057.5 feet above sea level. Outside the north window, in a 
shelter three feet by three feet by four feet, sides of blinds and 
roof double, is a Draper’s self-recording thermometer. In the 
advertisement on the cover of this journal may be seen a cut of 
one. 

With the exception of the shelter thermometer and the 
anemoscope all the charts are rectangular, mounted upon 
vulcanite tablets, carried regularly forward for a week; the 
thermometer ‘chart is circular, rotating in a week; and the pen 
in the anemoscope falls the length of the cylinder chart during 
the week. A Seth Thomas clock and a battery of twenty-four 
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cells operate in unison these seven recording pieces. The 
great convenience of such an arrangement will be appreciated 
by observers who have separate clock movements for each 
instrument. The task of winding such is, itself, not slight, and 
the more or less complicated structure of clock-work and inac- 
cessibility of parts render any derangement the more serious. 
Here the motors are very simple, strong, and the parts acces- 
sible; the batteries easily cared for and not expensive. All the 
mechanism of the recording parts is also extremely simple and 
the movements accurate. In beauty and elegance of finish the 
set is certainly not surpassed. All the parts excepting the steel 
springs, armatures and heavy castings are nickel-plated; and 
each piece, excluding the thermometer, of course, is mounted 
im a handsome ash case, three sides of which are glass. 

It may not be out of place here to state that this set of self- 
recording instruments was made by the Draper Manufacturing 
Co., of New York, for exhibit, in October, 1887, at the National 
Industrial Exhibition in that city, and that a special gold medal 
was awarded, with high commendation from the judges for the 
simplicity, accuracy, and elegance of the pieces. 

On either side of the recording barometer, hangs a standard 
mercurial barometer, and in the shelter outside, with the ther 
mometer, are a maximum, a minimum, and a standard ther- 
mometer; a wet bulb thermometer will be added, and a standard 
rain-gauge is used in connection with the pluviometer. These 
standards are made by H. J. Green & Co., of New York. 

New charts are placed upon the tablets of the instruments 
each Saturday. Those that are removed are dated, summarized, 
and then bound, each in a separate volume, which will contain 
the records for five years. A pole will soon be erected upon 
the building, from which flags will fly in accordance with daily 
predictions made at this station. Monthly reports will be sent 
to the New England Meteorological Society and also to Wash- 
ington. 

The observatory is the gift to the Academy of Mr. J. Bradford 
Sargent, of Leicester. Mr. Sargent has for several years been 
interested in meteorology, and his desire to have established in 
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Leicester a valuable and permanent station has materialized in 
this way. He believes strongly in local predictions, having made 
the experiment himself for more than a year,with very satisfactory 
results. The value of a full set of self-recording instruments 
can hardly be overestimated. Their continuous records must, 
in course of time, make an invaluable accumulation of data for 
this vicinity, and in connection with the Signal Service records 
for the country, especially the bi-daily weather charts, they will 
certainly afford means for a much more accurate foreknowledge 
of local weather than is now had. 

It is the intention and desire of the founder, Mr. Sargent, 
that the observatory shall be kept in the front ranks. New 
pieces of established importance will undoubtedly be added 
from time to time, as they appear. It is to be as far as possible 
a practical rather than an experimental observatory. 


THE EXHIBITION OF THE NEW ENGLAND METEOROLOG- 
ICAL SOCIETY. 

Several months since, the New England Meteorological So- 
ciety, following the annual custom of the Royal Meteorological 
Society of London, decided to hold a loan exhibition in Boston 
in connection with its fourteenth regular meeting. Accordingly 
a circular was issued, which was printed in the November issue 
of this JOURNAL, requesting. contributions of meteorological 
apparatus, photographs, charts and specimens. The Exhibition 
was opened in the Physical Laboratory of the Massachusetts 
Institute of Technology, January 15, and was continued seven 
days. 

The Blue Hill Meteorological Observatory displayed instru- 
ments used in its regular and experimental work. In the 
latter class were the registering aneroid barometer, wind-vane 
and thermometers, used by Professor Upton and Mr. Rotch 
during the late total solar eclipse in California, besides the 
registering actinometer put in action probably for the first time 
in a total solar eclipse. This instrument, which was made by 
Richard Brothers of Paris, has 4 bright and black globe in each 
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of which is a thermometer whose indications are registered on 
a drum, an ingenious device correcting the influence of changes 
of temperature upon the transmitting medium of the solar ther- 
mometers. 

There were the Watkin and Hottinger aneroid barometers, the 
first being intended for mountain use without thereby sacrificing 
an open scale.. To accomplish this the 1eedle travels three 
times around the dial in its passage from 23 iffches to 31 inches, 
and an index, actuated from the axis of the needle, shows which 
of the concentric circles should be read. In the Hottinger 
instrument the expansion and contraction of the vacaum box is 
measured by a micrometer and vernier to the thousandth of an 
inch. This instrument is the property of the U. 8. Signal office. 

Both the Hilger and Browning forms of rain-band spectro- 
scopes were represented. They are direct vision instruments 
and can be carried in the pocket. In the Browning, a scale 
is reflected on to the spectrum so that the position and width of 
the aqueous vapor lines can more accurately be measured. 
Three novel forms of minimum thermometers were shown. One 
was the hollow-bulb thermometer of Hicks, with its bulb, con- 
sisting of a hollow glass cylinder about which a second cy!l- 
inder is blown and united at the open ends so as to leave a thin 
space between them, filled with alcohol. The stem of the 
thermometer is connected to a middle point in the outer cylin- 
der. In the bulb there is a large surface, both external and 
internal, for the air to come in contact with, and the volume is 
small, making the instrument extremely sensitive. Another form 
of minimum thermometer was the thermométre 4 marteau made 
by Baudin. Thisis also an alcohol minimum, but can be placed 
vertical, unlike any other, and its index is not subject to dis- 
placement by wind. A spring attached to the index keeps it in a 
fixed position, but is not strong enough to prevent the film of 
alcohol from drawing the index downward when the temperature 
falls. The thermometer is set by turning it bulb upward when 
an enamel rod in the bulb descends the bore, and, acting as a 
hammer, forces the index to the end of the column. The third 
form was the Casella mercurial minimum, belonging to the Phys- 
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ical department of the Institute of Technology. A chamber is 
blown in the side of the thermometer tube into which the mer- 
cury passes as it expands, but not as it contracts, so that the col- 
umn is left at the lowest point reached. ‘ 

A simple portable anemometer is the one made by Hicks for 
the London Meteorological Office. In it the Robinson cups are 
geared to a dial, but can be disconnected by inverting a sand- 
glass. To determine the velocity of the wind the cups are 
allowed to acquire the normal velocity before the sand-glass is 
turned over and the registration commenced. At the expiration 
of two minutes, when the sand has ceased to flow, the glass is 
reversed and the wind’s velocity in miles per hour read off at 
leisure from the dial. This instrument costs in London $25, and 
if it could be manufactured cheaply in this country it would be 
a valuable adjunct to the equipment of the stations of our State 
Weather Services. The above instruments, except those speci- 
fied, were the property of the Blue Hill Observatory. 

Among the new apparatus was the recording rain and snow 
‘gauge devised by S. P. Fergusson and described in the Novem- 
ber JOURNAL, and the seismograph made from designs of Pro- 
fessor Ewing, of Dundee, Scotland. In the last named a 
heavy disk is suspended by three wires, and below it is a 
vertical weighted rod in unstable equilibrium. A rod fulerumed 
-above the disk carries a lever with a pen which inscribes upon 
a smoked glass plate the direction and intensity of the hori- 
zontal components of the earthquake shock. The English in- 
strument cost $75, but it is manufactured in San Francisco for 
$15. The Harvard College Observatory showed a seismoscope 
in which the time of the earthquake is obtained by having a 
pendulum break an electric current and start or stop a clock. 
Some tracings obtained by a pendulum seismograph of Prof. 
Ewing in Tokio, Japan, were loaned by Prof. Rockwood. 

A form of the Jordan sunshine-recorder, modified by Prof. 
Pickering, was shown by the Harvard College Observatory. It 
is often difficult to find a position with exposure to both morning 
and afternoon sun. Accordingly the apparatus is made in two 
parts — each being the half of a cylinder with its axis parallel 
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to the earth’s axis. These half cylinders contain blue print 
paper, which is acted upon by the sun shining through holes in 
the flat sides of the cylinders. These holes are moved down a 
notch each day, so that one sheet of paper lasts a week. One of 
the cylinders gives a record of the morning sun, the other of the 
afternoon sun, and the cylinders may be placed on opposite 
sides of a house, if necessary. Another ingenious instrument 
devised by Prof. Pickering is the pole-star recorder. In this, a 
telescope and camera are combined so that the trail of the pcle- 
star, as it describes a circle in the heavens, is photographed on 
the sensitized plate, if the sky.be clear. Passing clouds cause 
the trail to be broken. An alarm clock closes the shutter of 
the camera at dawn, and can be made also to open it after dark. 
From these records the amount of cloudiness is obtained at 
night as it is obtained in the daytime from the sunshine recorder. 
This instrument has been in operation at the Harvard College 
Observatory for the past year, and one has recently been set up 
at the Blue Hill Observatory. 

The aspiration psychrometer, invented by Dr. Assmann, of 
Berlin, for obtaining the temperature and humidity of the air 
under all circumstances, was shown by Mr. Rotch. The wet and 
dry bulbs of the thermometers are surrounded by a polished 
metal casing through which air is drawn by bellows at a uniform 
rate. For use in rain there is a second case to enclose the first. 
The Piche evaporimeter, a simple contrivance for measuring 
evaporation, has lately been supplied to the Signal Service sta- 
tions, and the amount of evaporation in different parts of the 
United States approximately determined. It consists of an in- 
verted graduated test-tube filled with water, its mouth closed by 
a disk of filter paper held by a spring. The Fineman nepho- 
scope, or cloud mirror, was recommended by the International 
Meteorological Committee. It has a black reflecting surface 
with means for orienting it and sighting the cloud image by 
which the direction of motion and the relative yelocity of clouds 
can be determined. 

Prof. Marvin, of the Chief Sigual Office, exhibited a very 
delicate anemometer with conical cups made of aluminum, used 
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to determine the constants of the anemometers of the Service. 
The Signal Service exhibited a number of new apparatus, 
including the triple self-register for wind direction and veloc- 
ity and rainfall. For obtaining the latter the gauge invented 
by Prof. Martin is employed. A float in a tube makes an 
electric contact by means similar to those in the anemometer, 
for each five-hundredths inch of rainfall. One of the new ther- 
mometers for registering electrically at a distance, made by 
Richard Brothers, of Paris, and just imported by the Signal 
Service for use at certain of its stations, was shown. The Sig- 
nal Service also showed the apparatus used by Sergeant Park 
Morrill in his study of atmospheric electricity. This included 
the gas-flame and mechanical collectors invented by Sergeant 
Morrill, the Trowbridge, Mascart and Mendenhall quadrant 
electrometers, and the Mascart photographie register. The 
Physical Department of the Institute of Technology also added 
to this collection the Clifton and Thomson portable electrome- 
ters and the Thomson electrostatic voltmeter. 

To the Physical Department of the Institute belonged the 
thermometer comparators shown. One of these was for mak- 
ing comparisons of a mercurial with an air thermometer, the 
other for comparing the thermometers used by the Society’s 
observers with a standard instrument, all being immersed in 
water for the purpose. 

Desmond Fitz Gerald, of the Boston Water Works, sent from 
Chestnut Hill Reservoir his recording rain-gauge and the re- 
cording portion of his evaporimeter. In the former instrument, 
which has been in operation for many years, the water passes 
from the collector into a large cylinder in which a float moves 
in vertical guides. The attached pencil records the rainfall 
continuously upon a paper-covered drum revolved by a clock 
once a day. The evaporation apparatus was used in perhaps the 
most elaborate series of experiments ever carried out on evapor- 
ation whose results have been published by Mr. Fitz Gerald. 

The Draper Manufacturing Co. sent from New York a beauti- 
fully finished recording barometer and some thermometers, and 
the Standard Thermometer Co., of Peabody, Massachusetts, 
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exhibited a tele-thermometer, metallic thermometers and ther- 
mostats. 

The Signal Service, besides the instruments previously men- 
tioned, contributed 60 climatic and weather charts, 18 photo- 
graphs of the recording instruments at the Central Office, and 
two volumes of tornado drawings and photographs collected by 
Lieut. Finley. A very fine collection of photographs was loaned 
by Henry P. Curtis. The 40 photographs of lightning flashes 
belonged chiefly to Messrs. Curtis and McAdie. There were the 
English views of J. Guardia, M. Auty, R. Harris and E. 8. Shep- 
herd, and the American ones of L. 8. Clarke, H. G. Piffard, G. R. 
Allerton, A. H. Binden, H. Butler and G. E. Davis, the three last 
gentlemen having contributed their own work. Dr. M. G. Parker 
had a number of views by the above artists exhibiting a pecu- 
liar rotary motion in lightning and other electrical discharges. 
The various types of discharges mentioned in the Report of 
the Thunder Storm Committee of the London Meteorological 
Society (see the last JouRNAL) were clearly illustrated. Mr. 
Curtis also showed 80 photographs of clouds and surf and 
76 views of the devastation caused by tornadoes, besides 
two which were said to be bona fide tornado clouds. Thirty 
photographs of frost work were contributed by the U. S. Signal 
Service, Miss Ledyard, Messrs. Curtis, Pike and Rotch. Plans 
and views of the European mountain meteorological stations 
were exhibited by the latter gentleman. 

Among the curiosities of the Exhibition was a bottle and a 
saucer fused together by lightning, and a pieceof window glass 
which had been ground translucent by the sand-bearing winds 
of Cape Cod. Prof. Abbe sent his printed weather bulletins, 
first issued in September, 1869, at the Cincinnati Observatory. 
Soon after commencing telegraphic reports were received 
from fifteen stations, and on October 6, predictions for Cincin- 
nati and vicinity were begun. The first weather map issued 
May 1, 1886, at the Boston Signal Office, was shown by A. L. 
Rotch. The charting of weather maps at the sub-stations 
of the Signal Service and their duplication by the cyclos- 
tyle process was originated by Sergeant Cole, at that time in 
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charge of the Boston station. This practice has since beer 
extended to all important stations of the Service in the United 
States, as explained in the September JourRNAL. 

Owing to the generous response to the circular requesting the 
loan of articles, particularly by the U. S. Signal Service, the 
Exhibition wes a success and was so well attended by visitors 
that it was continued three days longer than was originally 
intended. Now that the feasibility of such an exhibition has 
been demonstrated, it is to be hoped that others will follow, as 
there can be no doubt of their effect in stimulating the study of 
meteorology. 





WEST INDIAN HURRICANES AND THE MARCH BLIZZARD. 


Abstract of a lecture before the Seawanhaka Corinthian Yacht 
Club, New York, February 9, 1889, by Ensign Everett Hayden, 
U.S. N., in charge of the Division of Marine Meteorology, U. 
S. Hydrographic office. 

The speaker commenced by referring briefly to the fact that a 
succeeding lecture in the course might be devoted to the general 
subject of winds and storms, a very much more comprehensive 
one than that now under consideration, and for this very reason 
in no way conflicting with it. In fact, it is to be hoped that a 
somewhat detailed description of the terrific tropical cyclones 
that devastate the West Indies and advance upon our Gulf and 
Atlantic seaboard will be a fitting introduction to a broad gen- 
eral outline of the meteorology of the globe, to which the pres- 
ent lecture is merely preliminary. Moreover, it was by the study 
of these very storms that an American, Wm. C. Redfield, won 
imperishable renown and the everlasting gratitude of mankind 
by discoveries that have proved to be the very foundation stone 
of the great science of meteorology as it is known and practi- 
cally utilized to-day, at sea and on land, in every ocean and con- 
tinent of the globe to which the arts and sciences of civilization 
have access. 

Through the kindness of Mr. William T. Buckley, a member 
of the club, Mr. Hayden was enabled to illustrate his lecture 
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very effectively and graphically by means of a polyopticon, or 
magic lantern, and the first three slides served to make clear the 
general distribation of barometric pressure and the circulation 
of the winds over the entire basin of the North Atlantic and the 
adjacent continents during winter and summer, together with the 
general paths followed by storms, and the regions where they 
are most prevalent and persistent. Special attention was called 
to the great persistent anti-cyclone, or area of high barometer, in 
mid-ocean to the south-west of the Azores, about which the gen- 
eral atmospheric circulation is in a direction with the hands of a 
watch, giving rise, below to the well-known steady north-east 
trades, and above, or to the northward, to the prevailing west- 
erly winds along the transatlantic steamship routes — the “ brave 
west winds” of the north temperate zone. Another marked fea- 
ture is the permanent area of low barometer about Iceland, a 
great stationary cyclone about which the circulation of the wind 
is against the hands of a watch. 

To the southward, about the equator, lies what Maury has 
called the meteorological equator — the region of equatorial rains 
and calms at the meeting of the south-east and north-east trades, 
where the warm, steady trade winds, laden with moisture from 
their long travel over tropic seas, rise and precipitate their mois- 
ture, returning pole-wards as an upper current, to descend again 
to the surface and be felt as cool dry anti-cyclonic winds. The 
position of this great anti-cyclone in mid-Atlantic is the key to 
the meteorology of half the civilized world: these diagrams indi- 
cate its normal or average position, and illustrate how it foi:ows 
that great monarch of climate, the sun, in his changes of decli- 
nation, moving northward in summer and southward in winter. 
But they do not.illustrate the abnormal variations in its position, 
due to, we know not what, though we do know that the storms of 
America and Europe are guided by it, and the next great step 
in advance will be to turn this knowledge to practical account in 
our forecast of weather on the North Atlantic, and all along 
its eastern and western shores. In addition, then, to these per- 
manent areas of high and low barometer, eddies or atmospheric 
whirls move along pretty well defined tracks, as indicated on the 
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diagram: cyclones, or “lows” (in ordinary parlance, storms) 
sucking the air spirally inward and whirling it aloft, its moisture 
condensing into heavy clouds, with rain or snow; anti-cyclones, 
or “highs,” returning the cool «lry air to the surface in outward 
blowing spirals, with cool dry weather and high barometer. The 
two storm tracks of special interest in this connection are, 
first, the Great Lake storm track, from west to east over the 
great lakes and down the St. Lawrence valley, and, secondly, the 
West Indian hurricane track, westward in the tropics, then 
northward into the temperate zone, and eastward again in higher 
latitudes. Cyclonic eddies tend to move toward and unite with 
the permanent “low” near Iceland; anti-cyclonic, with the per- 
manent anti-cyclone in mid-ocean. Wpon these general laws, 
together with local modifications due to topographic relief ashore 
and the influence of the great ocean currents at sea, hang all the 
weather changes of the North Atlantic basin. 

After this general view the lecturer said that he proposed to 
confine his attention to the western portion of the ocean, that 
portion which an eminent American scientist has well called the 
Bay of North America. This term embraces all of the Atlantic 
west of the 50th meridian, from Newfoundland to the mouths of 
the Amazon, including the Caribbean Sea and the Gulf of Mex- 
ico. He did not propose, he said, to leave to a postscript what 
he himself regarded as by far the most important point that any 
thorough study of West Indian hurricanes and the March bliz- 
zard could possibly emphasize, namely, the tremendous commer- 
cial importance of this great Bay of North America. The area 
from the 50th to the 100th meridian west of Greenwich, and 
from the equator to the 50th parallel of north latitude, is destined 
to become, in the near future, the theater of the greatest politi- 
cal and commercial activity that the world has ever seen. Met- 
eorologically speaking, it is a unit, from the slopes of the Rock- 
ies and the Cordilleras of the Fsthmus to mid-ocean, and from 
the shores of Hudson Bay to Venezuela. Abercromby, the dis- 
tinguished English meteorologist, has well said that the weather- 
predictor “cannot explain the weather on any day without cast- 
ing his eyes over the whole northern hemisphere and around 
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the little hills and valleys which bound his own horizon.” Urg- 
ing his hearers to bear this in mind during his subsequent re- 
marks, and promising to refer to the subject again, he went on 
to describe Redfield’s great discoveries, the methods by which 
his results were obtained, and their immediate and practical 
effect in advancing meteorological knowledge and lessening the 
dangers of ocean storms. 

Although it is now generally recognized that Redfield had 
reached his fundamental conclusions regarding the rotary char- 
acter of storms, together with a motion of the whole system 
along a definite track, as early as 1821, yet his first paper did 
not appear in print till 1831, and was even then unaccompanied 
by diagrams so necessary in the then state of knowledge, or 
rather ignorance, of the subject.. Nevertheless, most of his ear- 
liest papers were accompanied by such full statements of meth- 
ods and facts that any one could plot the observations on a chart 
and thus verify his conclusions for themselves. To illustrate 
his method, therefore, Mr. Hayden selected one of his later dia- 
grams, entitled “ Route of the Hurricane of October 4-7, 1844,” 
and projected it upon the screen. Upon this Redfield had 
charted by means of arrows, plotted each one at its proper geo- 
graphic position, observations of wind direction selected for cer- 
tain fixed times from a large number of reports, extracts from 
ship's logs, etc., collected with infinite perseverance and care 
from as many sources as were accessible. Thus three sets of 
concentric circles are seen at a glance to represent the general 
size and character of the storm at noon of the 5th, 6th and 7th 
of October, respectively. Moreover, the tracks of certain ves- 
sels are plotted, in order that the experience of each may be 
considered with reference to the circulation of the wind about 
the storm centre and the gradual movement of the whole system 
along a curved track. Thus we have here on Redfield’s chart as 
clearly and graphically as could be indicated from the data at 
his command by the most able meteorologists to-day, the whole 
theory and practice of all our modern synchronous daily weather 
maps upon which predictions and forecasts are based and spread 
ey telegraph and newspapers to form part and parcel of 
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the daily life of millions of men in every land: October 5th, a 
cyclone central off the northern coast of Cuba, easterly gales in 
Florida, northerly in western Cuba, westerly in Jamaica, south- 
erly in eastern Cuba. October 6th, cyclone central 200 miles 
southeast from Hatteras, general circulation of wind about the 
same as before (against the hands of a watch), northeasterly 
gales from Sandy Hook to Hatteras, northwesterly gales from 
Hatteras to Cape Romaine, size of storm somewhat greater. 
October 7th, storm central about 150 miles southeast from Hali 
fax, increasing southeasterly gales on the Grand Banks, strong 
nor’wester between Cape Sable and Nantucket, storm area 
enlarging and intensity diminishing. How marvelously clear. 
What a perfect grasp of facts and what a grand practical gen- 
eralization from facts to principles. It would, indeed, have been 
small credit to the age in which he lived had such self-evident 
truths failed to find ready acceptance and prompt appreciation: 

The terrific violence of this hurricane was sufficiently indi- 
eated by the havoc it caused in the land-locked harbor of 
Havana, a port absolutely unrivalled for the security of its 
anchorage: in this ten-hours’ tragedy 72 ships foundered at 
their anchors —-capsized, dismasted, driven ashore, annihilated 
by the fury of the hurricane. This is a splendid land-locked 
harbor, and in spite of all that human strength and skill could 
do aboard the various vessels of a great fleet, fighting under 
every flag and allied against a common foe. Attention was 
called to a coincidence of marked importance between the date 
(1844) of this great storm, so fully and graphically explained 
by Redfield, and the very year that witnessed the completion 
and assured practical success of Professor Morse’s telegraph 
line between Washington and Baltimore, and the instantane- 
ous transmission of the famous sentence, “ What hath God 
wrought?”. Right here we havethe two great practical discov- 
eries upon which all modern telegraphic weather forecasts de- 
pend. 

Without attempting to follow this gigantic whirlwind in its 
destructive path toward Hatteras and the Grand Banks, the 
speaker paused a moment to refer to Redfield himself, and read 








West Indian Hurricanes and the March Blizzard. 451 


an extract from a very interesting letter from Rear Admiral 
Thornton A. Jenkins, U. S. N. (at that time a passed midship- 
man ), an officer whose distinguished record at home and abroad, 
in peace and in war, is well known to every student of American 
Naval history. 

Admiral Jenkins describes Redfield as a quiet, retiring, and 
reticent man, but always eloquent and patient in explaining the 
great truths of his new and— in the then ignorance of the sub- 
ject —-startling theories. It seems almost incredible that at that 
time the great majority of naval officers, even, utterly refused to 
believe in or even listen to any theories regarding storms at sea 
or on land, and regarded a barometer as more or less of a nui- 
sance. As late as 1850, Admiral Jenkins says, a naval officer 
who afterwards became one of the most distinguished heroes of 
the war asked him if he put any faith in “that thing,”— “Why, 
when I was in the Gulf, and at Vera Cruz,” said he, “that 
d——d thing nearly set me crazy!” 

The next diagram shown upon the screen was one of Red- 
field’s track charts, with the paths of various hurricanes, illus- 
trating as graphically as anything could well do the general 
limits of the great area already defined as the Bay of North 
America, the tracks along which these terrific cyclonic storms 
move in their majestic parabolic orbits from the tropics into the 
temperate zone, and the essential unity of the entire area, so 
far as any broad and rational scheme of telegraphic weather 
forecasts is concerned. This latter fact, however, was referred 
to and emphasized still more strongly later on, in connection 
with a full description of the physical and meteorological fea- 
tures of the Bay of North America, and the existing and pro- 
posed telegraph lines and cables, so it need not be referred to 
further here. Attention was called to the fact that while some 
of these storms pursued a course about west by north across 
the Caribbean Sea and Gulf of Mexico, reaching the coast of 
Texas before recurving, others recurve in various latitudes, the 
greater number about the 30th parallel, following a path very 
nearly coincident with the course of the Gulf Stream, and 
approximately parallel to our Atlantic coast line. Again, a care- 
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ful study of the dates of even the comparatively few storm 
tracks plotted on this chart brings out the fuct that the August 
hurricanes recurve well to the northward, about the 30th or 33rd 
parallel, while those of October recurve in about the latitude of 
Cuba. These. important general laws, dependent upon the 
change of the sun’s declination, have been strongly confirmed 
by subsequent investigation, and were discussed in greater 
detail later in the evening. One other feature of this chart 
that was referred to particularly was the notable irregularity in 
the track of the hurricane of August, 1837, which, after having 
already commenced to recurve in the usual manner, was unex- 
pectedly deflected to the westward, striking the coast of Georgia 
at Darien. This circumstance the audience was requested to 
bear in mind in connection with similar deflections of certain 
recent hurricanes, when the principles governing such deflec- 
tions would be fully explained, although in Redfield’s time they 
had not even been suspected. 

The next diagram was a copy of the Pilot Chart of the North 
Atlantic Ocean for August, 1888, on which were plotted the tracks 
of all the August hurricanes on record, strikingly confirming the 
fact brought out by Redfield’s chart that tiese tracks are 
remarkably uniform, both in their general course and in the lat- 
itude where they recurve. 

Diagrams from Col. Reid’s well-known book on storms served 
to illustrate the way in which able, practical and scientific men 
took up Redfield’s ideas and propagated his new and important 
theories among navigators, for their guidance at sea in avoiding 
altogether or manceuvring successfully in ocean storms. Col. 
Reid was an officer of the Royal Engineers of Great Britain, 
and his attention was first directed to this subject from having 
been employed at Barbadoes in re-establishing the government 
buildings blown down in the hurricane of 1831, when 1477 per- 
sons lost their lives in the short space of seven hours, in that little 
island alone—a striking commentary, in itself, of the destruc- 
tive character of these gigantic tornado-like whirlwinds. The dia- 
grams were specially graphic in clearly defining the broad belt 
or swath described by a hurricane in its onward progress, the 
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storm tracks previously referred to constituting merely the 
axial line of the belt. The first was a hurricane of August, 1837, 
and a graphic account was quoted, with illustrations, of the thrill- 
ing experience of the ship “Calypso,” typical of hundreds of 
similar cases in hurricanes in the West Indies and off our own 
coast in the past, and repeated every year almost before our very 
eyes. The “Calypso” was in about lat. 27° N., long. 75° W., 
when a long rolling swell, freshening northerly squalls, and 
other signs of a hurricane, would have warned a captain posted 
in the law of storms to square away and make the best of his 
way to an anchorage at Nassau or run around along the south- 
ern edge of the approaching cyclone. But this was before sail- 
ors knew anything about circular storms, and before the Hydro- 
graphic Office had spread broadcast over the world fhe marvel- 
ous results obtained by using oil to prevent heavy seas from 
breaking on board. The ship’s decks were swept by the seas, 
her close-reefed main top-sail blown from its bolt-ropes, hatches 
stove in, the vessel thrown on her beam-ends, with yard-arms in 
the water. With her crew of fifteen men clinging to the weather 
rigging, mast-heads in the water, a furious hurricane dashing the 
waves over them in sheets of foam, and the vessel sinking 
beneath their feet, it seems hard to believe that any epitaph but 
“ missing — lost at sea” would ever have been inscribed against 
their names. But “truth is always strange,—stranger than fic- 
tion.” Upon cutting away the lanyards of the lower rigging the 
masts went by the board, and the vessel slowly righted. As the 
gale moderated, jury masts and sails were rigged, and in two 
weeks’ time, after the hardships and sufferings incident to such 
a condition, the gallant ship (what was left of her) came to 
anchor in the harbor of Smithville, North Carolina. 

Another of Reid’s diagrams gave the paths of two of the 
memorable hurricanes of October, 1780, as indicated by extracts 
from the logs of the many British frigates cruising in those 
waters at that time. The one that destroyed the town of Savan- 
na la Mar, Jamaica, was particularly severe, and in the vicinity 
of.that island four frigates were lost, three of them with all on 
board. The “Phoenix,” wrecked on the south coast of Cuba, had 
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a terrific experience, and the long account of it by Lieut. Archer, 
R. N., published in Reid’s book, should be read in full, as no 
quotations could do it justice. One’s feelings relative to the loss 
of this fine frigate, however, are somewhat tempered by the cool 
way in which Lieut. Archer speaks of having chased a Yankee 
man-of-war a short time previously, which unfortunately escaped 
in the darkness! 

Two years later (1782) occurred one of the greatest naval dis- 
asters on record, and the lecturer said that after referring to it 
very briefly in order to emphasize the vast importance to navi- 
gators of a knowledge of the law of storms, rather than with any 
desire to appall his audience with statistics, he would be obliged 
to omit all further reference to the accumulated records of the 
succeeding hundred years and devote to the immediate present 
what little time remained. The disaster referred to he quoted 
from Piddington’s “ Sailor’s Horn-book,” another of those classic 
manuals that have translated and made intelligible to rough, 
practical men the great important truths of pure science, whose 
lofty reasoning and diction would in themselves be as unintelli- 
gible as so much Sanscrit. Rodney’s fleet and prizes, together 
with an immense convoy of merchantmen, in all some 92 ves- 
sels, were overtaken by a hurricane off the Grand Banks in Sep- 
tember, 1782; all preparations for bad weather were made, and 
the fleet hove-to, but on the wrong tack; frigates, prizes and con- 
voy were dismasted, sunk, scattered, abandoned: every man-of- 
war but one foundered, and upward of 3,000 lives were lost. Hove- 
to on the wrong tack; what an epitaph, and what a lesson for pos- 
terity! Truly, “peace hath her victories no less renowned than 
war,” and if Redfield has still no monument erected in his 
honor, it must be because he needs none. 

Mr. Hayden then explained, by means of diagrams prepared 
in his division and published by the Hydrographic Office, the 
circulation of the wind in a tropical cyclone, northern hemis- 
phere, upon a knowledge of which the proper handling of a ves- 
sel depends. As a good illustration the experience of the U. 8S. 
S. “Juniata” was cited. This vessel is now in New York har- 
bor, having recently returned from China, where, last Septem- 
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ber, she encountered a severe typhoon during her voyage from 
Hong Kong to Singapore. The diagrams illustrated graphically 
the structure of these great whirlwinds, so far as concerns the 
navigator, showing that while in the outer regions of the storm 
the wind blows spirally inward, in the central regions it rashes 
furiously around a calm spot called the eye of the storm, where 
there is a fearful pyramidal sea, the waves rising and falling in 
mountainous and irregular masses, oftentimes with a clear sky 
and bright sunlight to enhance the effects of the strange and 
unnatural calm in the midst of a ring where the wind is blowing 
a hurricane, the sea lashed into driving foam, and the sky of inky 
blackness. ‘The diagram indicated how, aboard a vessel to the 
right of the storm track, the wind shifts to the right (veers); 
and to the left, it shifts to the left (backs). Directly in front of 
an advancing storm the wind remains steady in direction, but 
increases rapidly in force, with light scud and passing squalls. 
By means of these and many other characteristic indications the 
navigator can ascertain with considerable accuracy the bearing of 
the storm center and the approximate track and velocity of the 
cyclone. He is thus enabled to take such action as may be best 
adapted, considering the particular circumstances of the case, to 
avoid the most dangerous regions of the storm, and, as a second- 
ary consideration, take advantage of such winds as may help 
him on his course. One of the most important circumstances 
the practical navigator has to consider in dealing with a hurri- 
cane, is the lay of the land, and of course the proximity of a 
dangerous coast must often prevent him from taking such action 
as would be most advantageous if there were plenty of sea-room. 
In the case of the “Juniata,” Commander Wise stood away to 
the southward to avoid the typhoon and at the same time make 
headway on his course toward Singapore, and finally, rather 
than cross the entrance to the Gulf of Tonquin, where the sea 
would be very heavy, hove-to in the lee of Hainan Island, and 
rode out the storm under a full head of steam. The fore storm 
stay-sail, set to steady the vessel, was carried away, and four 
boats were torn from their davits. Hatches battened down, ves- 
sel shipping sea after sea till oil was used in bags towed from 
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the weather bow, weather thick and misty, with continuous heavy 
rain. The critical examination and analysis of the action taken 
by steam and sailing vessels encountering such storms under the 
many and constantly varying conditions that occur in actual 
practice, the rules that govern such actions and the results that 
follow from it, furnish the very best and, indeed, only method 
of impressing upon masters of vessels the vital importance of 
this branch of their profession. Practical men want practical 
information, with concrete, definite examples drawn from real 
life, with details familiar to their own individual experience. 
The lecturer was willing, he said, to submit this proposition to 
his audience, and to ask them if such instances, taken from the 
records of the Hydrographic Office, with names, dates, positions, 
and all details given, were not infinitely more effective in im- 
presing such facts upon the mind than some ideal imaginary 
situation gotten up to suit some particular line of argument and 
perhaps never likely to occur in actual practice. Now, the rec- 
ords of the Hydrographic Office contain hundreds—he might 
almost say thousands—of such reports, more complete, prob- 
ably, than similar records in any other office in the world, and he 
regarded it as worthy of an earnest effort on the part of all con- 
cerned to see that means were provided for their publication and 
circulation among the hundreds of voluntary observers who have 
willingly contributed their time and services in taking and record- 
ing their observations day after day, month after month, and year 
after year, aboard vessels in every ocean of the globe. 

To illustrate the special dangers of navigation in the West 
Indies, the birth-place and natural habitat of these terrible 
storms, a copy of one of the Hydrographic Office charts was 
projected upon the screen, and attention called to the intricate 
and dangerous character of navigation’ in these waters. Re- 
membering the circulation of the wind in one of these cyclonic 
storms, it will be readily seen that every hurricane that skirts 
the West Indies and the Atlantic seaboard of the United States 
is sure to put hundreds of vessels in danger of being driven on 
a lee shore and lost beyond all human power of deliverance. 
Just such tracks were those followed by the two hurricanes of 
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August, 1887, which were then exhibited, plotted from more 
complete and reliable data, by far, than have ever been collected 
in connection with any other hurricanes.on record. The tracks of 
only a few of the many vessels from which reports had been re- 
ceived were shown upon the chart, and yet served to give some 
idea of the completeness of the data. Of these, the first origin- 
ated off the coast of Africa, about the Cape Verde Islands, August 
13th, and moved at a high rate of speed westward across the 
Atlantic, recurving east of Florida, striking Cape Hatteras with 
furious energy on the 20th, carrying havoc amongst the gallant 
fishermen off the Grand Banks on the 22d, and passing to the 
northward of the British Isles and the coast of Norway on the 
29th and 30th —-a track more than 7,000 miles in length. What 
a tremendous engine of destruction! “Let us,” said the speaker, 
“watch its origin and progress: Imagine to yourselves a hot 
sultry August day in the tropics, off the Cape Verde Islands, 
at about the northern limit of the belt of equatorial rains 
and calms, where the northeast trades have become fitful and 
irregular. The uniformity of the trade sky is disappearing, 
and the little masses of cumulus clouds that have flecked the . 
sky from zenith to horizon gather together here and there, as if 
undecided what to do, and now and then rise in tall, massive 
columns, that grow before the eye and mount higher and higher, 
till one lazily wonders how high they will rise above their broad 
level bases before they reach some upper current that will 
scatter their beautiful crests and spoil their snow-white sym- 
metry. In the distance, an occasional dark mass is seen, from 
which heavy rain is falling, with sometimes a broad flash of 
pale sheet lightning. In one of the tall masses of cumulus, off 
to the westward, taller and more majestic than its mates, a slow 
gyratgry motion can be detected, which, gathering strength, 
rapidly draws in the warm air from below, saturated with mois- 
ture, and sends it aloft into cooler and cooler regions, to add 
rapidly to the growing and darkening mass of clouds. A new 
feature catches the eye: long, graceful, snow-white, feathery 
plumes reach out at the top of the mass, projected against the 
deep clear azure.sky. Beneath them, the sharp, rounded, upper 
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edges of the now dark and threatening cumulus begin to grow 
misty and indistinct, and the inner shafts of the radiating cir- 
rus plumes are lost to sight in this new misty veil. Gradually 
faint and then sharp, dark, horizontal lines appear against the 
cumulus, and rapidly grow into stratus clouds, as though a fine 
rain were falling and settling at that level. Below, the distant 
horizon is now obscured by heavy rain. Off to the northeast, 
some little trade-wind clouds are moving this way: watching 
them ‘a moment as they rise toward the zenith, some mysterious 
force over there to the westward seems to attract them, and 
their paths curve that way. What does it mean, you say, and 
looking in that direction you see more little patches of scud 
moving across from left to right, and notice that a breeze is 
springing up from the east, while the barometer is falling 
slightly and the whole great mass of clouds is moving westward. 
A hurricane has had its birth, a great cyclonic storm has 
started on its westward march toward St. Thomas, Hatteras, 
Cape Race, and Norway. One of our western tornadoes is to 
this monster as an electric light to the noon-day sun, and all the 
tornadoes in the records of the Signal Office, roiled into one 
and added to it, would hardly add appreciably to its energy!” 

“ Let us now take our station ahead of the approaching storm, 
and await its coming: Whirling along its ocean pathway at an 
average velocity of nearly 20 miles an hour, it sends out a long, 
rolling swell a thousand miles in advance, and is heralded by long 
high feathery plumes of cirrus clouds, radiating far beyond the 
slowly thickening cirrus veil that casts its pale halo over sun and 
moon, and at dawn and twilight envelop heaven and earth with an 
awful, fiery glare like the light of some great conflagration. Soon 
the massive leaden-colored cloud-bank heaves in sight above the 
horizon; a great mountain range—Ossa piled upon Pelion—and 
flying scud forms overhead and drifts to leeward, not with 
the surface wind, but at a marked angle to the right, moving 
with the upper currents of the great whirlwind. At intervals 
fine, misty rain seems to grow out of the air, and then vanishes 
again, and the squalls freshen, the barometer sinks lower and 


lower, heavy clouds cover the whole horizon, and the low, dis- 
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tant moan gradually changes into the shrieks of a thousand 
demons, wrenching at the stout masts and spars, tearing the 
strong canvass into shreds and fluttering pennants, hurling tim- 
ber and masonry into heaps of shapeless ruins, driving wild 
breakers high up on land, and laughing to scorn the feeble 
strength of man. Suddenly a pause. Silence. Calm. The 
warm, bright sunshine of a summer day. A brief glimpse of 
heaven. And then another seeming eternity of hell.” 

As is often the case, a second hurricane succeeded the first 
after a few days’ interval, following approximately the same 
track. Time did not allow the speaker to go into any detailed 
description of either one, although each would be well worthy 
of a volume. 

The lecturer then spoke briefly of his visit to Cuba during 
September and October, 1888, under orders from the Honorable 
Secretary of the Navy, issued at his own urgent application. 
These two months constitute the latter half of the hurricane sea- 
son, and October is specially dreaded because of the fact, already 
mentioned, that October hurricanes recurve in just the latitude 
of the island, which they cross from south to north, retaining all 
the furious intensity that marks their paths at sea. The very 
day that he sailed from New York the great September hurri- 
cane had just swept across the island from east to west, and was 
expected to recurve across the peninsula of Florida and reach 
the Gulf Stream again off Hatteras. Diagrams were given to 
show the remarkable deflection of this cyclone toward Vera 
Cruz, and the track of another one that followed close after the 
first but recurved about as usual. Various diagrams and illus- 
trations were given in the effort to convey some idea of the sum- 
mer climate in the city of Havana, the historic, picturesque old 
Spanish capital of lovely Cuba, “la Perla de las Antillas,” and 
to describe some of the leading results of the studies of Padre 
Vines, the eminent Havana meteorologist, whose scientific abil- 
ity, indefatigable energy, and unrivalled opportunities, have 
linked his name so inseparably with all recent advances in our 
knowledge of these storms. Indeed, the lecturer had himself 


suggested coining the word Vitesa, to express for our tropical 
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storms what the word typhoon does for those of China, in honor 
and recognition of the distinguished services of his esteemed 
friend, the Director of the Meteorological Observatory of the 
* Colegio de Belen.” 

Regretting that his limited time did not allow him even to 
mention the many other incidents of his month’s stay in Havana, 
Mr. Hayden returned to the subject of the deflection of hurri- 
canes from their normal paths, a subject of infinite importance, 
both theoretically and practically. To select a case that admir- 
ably illustrated exactly what was meant, how and why the deflec- 
tion took place, and the manner in which it was possible to anti- 
cipate and predict it, he illustrated by means of six synchronous 
weather charts, shown upon the screen together, the weather 
conditions at noon, G. M. T. (7 a. M., 75th meridian time) Octo- 
ber 9 to 14, inclusive, 1886, during which time one of the most 
severe hurricanes ever experienced in the Gulf of Mexico orig- 
inated south of Cuba and west of Jamaica, recurved in the usual 
latitude off Cape San Antonio, but then, completely foiling Padre 
Viiies’ published predictions, turned to the westward, swept 
over the entire Gulf of Mexico and up the Mississippi valley to 
Lake Huron and the St. Lawrence valley. Only the other day 
a report was received from Captain José Riera, with graphic 
details regarding the loss of his vessel, the Spanish bark “ Tres 
Auroras,” in the very vortex of this terrific storm about 120 
miles north of Cape San Antonio, and the marvellous escape of 
six of the crew, thirteen in all, after tossing about for four days 
on wreckage from his vessel. The charts showed that a strong 
anti-cyclone had prevailed over the middle Atlantic States, and 
that it was this that had blocked the track of the advancing 
cyclone and foreed it westward before allowing it to go north, so 
that it eventually reached the Atlantic by way of the Great 
Lakes and the St. Lawrence valley. The same considerations 
were shown to have held good in other cases -— notably that of 
the great Cuban hurricane of last September, and the compara- 
tively recent hurricane that devastated our Atlantic seaboard 
the last few days of November, blocked in its northward prog- 
ress by an anti-cyclone over the Gulf of St. Lawrence, and vent- 
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ing its baffled rage upon the “Samana,” and a dozen other 
vessels, sent to the bottom with all on board, almost in sight of 
their homes, firesides, and friends. The physical explanation 
of this interaction between cyclone and anti-cyclone is simple 
enough, and lies in the fact that the fuel of the cyclonic furnace 
is warm moist ocean air, which ascends, precipitates its moist- 
ure, and is carried away in the upper atmospheric currents, to 
descend again in the anti-cyclone, or “high,” as cool dry air. 
Just as a great forest fire changes its course when it meets a 
clearing, and dies out or runs around it, so a tropical cyclone 
follows the lines where its fuel is most abundant, and rages with 
greatest intensity where the tropic sun and tepid ocean cur- 
rents load the heavy atmosphere with moisture. In the words 
of Shakespeare, that immortal painter of the smiles and passions 
of nature and mankind, “The sun’s a thief, and with his great 
attraction, robs the vast sea.” 

Four synchronous weather charts, prepared from hundreds 
of reports received from vessels off our coast during the Novem- 
ber hurricane, presented at a glance the most striking features 
of that great storm during its period of greatest intensity, and 
the progress or growth of a hurricane in the direction of heav- 
iest rainfall was illustrated by a weather map for August 21, 1888. 

The March blizzard, one of the most notable storms of the 
century, and of a very different type from those that had just 
been considered, was illustrated by means of six lantern slides, 
in colors, showing the progress from west to east of a long’line, 
or trough, of low barometer extending from Hudson Bay to the 
Gulf of Mexico, moving toward the Atlantic at the rate of 600 
miles a day, in the form’ of a great arched squall whose front 
was more than a thousand miles in length,—in advance, south- 
easterly winds, drawing supplies of warm moist ocean air from 
far down within the tropics, and in rear, a long battalion of cold 
northwesterly gales, carrying temperatures below the freezing 
point far down the line into Louisiana and Mississippi. The 
speaker dwelt upon the enormous increase in the energy of the 
storm when it reached the Atlantic, the terrific combat between 
Arctic and Gulf Stream forces, and the obstruction encountered 
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by the center of the line in the form of a stationary anti-cyclone 
about Newfoundland. A track chart giving the tracks of ves- 
sels, and a barometer diagram, illustrating the fluctuation of the 
barometer at selected positions ashore and at sea, were dis- 
cussed, and it was stated that 138 vessels were blown ashore, 
sunk, or damaged, along the coast of the United States north of 
Hatteras. Off the coast, west of the 40th meridian, some 20 
vessels were sunk or abandoned — among them the gallant New 
York pilot boats “ Phanton” and “ Enchantress,” and the yacht 
“Cythera,” with all her brave crew, friends and fellow yachts- 
men of his present audience, the members of the Seawanhaka 
Club. Among the abandoned vessels was the American Sch. 
“W. L. White,” and this derelict vessel commenced a long aim- 
less voyage across the Atlantic, at the mercy of winds and cur- 
rents, with no hand at the helm by day and no lights at night 
to warn navigators of their danger. Ten months and ten days 
later, after wandering more than 5000 miles, she stranded on 
one of the little rocky islands of the Hebrides, off the northwest 
coast of Scotland, and has thus completed the last act of this 
great ocean tragedy. 

The following conclusions were quoted from the speaker's 
monograph description of the great storm, recently published 
by the Hydrographic Office: “It has enforced in most unmis- 
takable terms the importance, not only to our extensive shipping 
interests, but to the people of all our great sea-board cities, of 
the establishment of telegraphic signal stations at outlying 
points off the coast: at St. Johns (or Cape Race) and Sable 
Island, to watch the movement of areas of high barometer, upon 
which that of the succeeding “low” so largely depends; and at 
Bermuda, Nassau, and various points in the West Indies and 
Windward Islands, that we may be fore-warned of the approach 
and progress of the terrific hurricanes which, summer after 
summer, bring devastation and destruction along our Gulf and 
Atlantic coasts, and of whose fury this great storm is an approx- 
imate example and a timely reminder. Moreover, there are 
other important objects to be gained, in addition to the better 
forecasting of stormy weather off our coasts and along the trans- 
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Atlantic routes. Every edition of the Pilot Chart records the 
latest reported positions of numerous derelict vessels and other 
dangers to navigation — submerged wrecks, buoys adrift, ice- 
bergs, and masses of field ice. But at present such reports are 
necessarily several days old, and the present positions of these 
dangerous obstructions must be roughly estimated, allowing for 
their probable drift in the interval of time that has elapsed 
since the report was made. There are recorded, also, the prob- 
able limits of frequent fog for the ensuing month and the region 
where fog was most frequently reported during the preceding 
month. General averages, however, only give the regions where 
fog is most likely to be encountered; they do not and can not 
attempt to state whether or no there will be a fog at a given 
place at a given time. But scientific research and practical 
inventive genius, advancing hand in hand for the benefit of 
mankind, have discovered not only the laws governing the 
formation of the dense banks of fog that have made the Grand 
Banks dreaded by navigators, but also the means by which cer- 
tain facts may be observed, telegraphed, charted, and studied a 
thousand miles away, and the occurrence of fog predicted with 
almost unfailing accuracy, even whilst the very elements them- 
selves are only preparing for its formation. By means of such 
predictions the safety of navigation along the greatest highway 
of ocean traffic in the world would be vastly increased, routes 
traversed yearly at almost railway speed by vessels intrusted 
with more than a million human lives and property of an aggre- 
gate value of fully a billion dollars.” 

The lecturer closed his lecture by referring again to the com- 
mercial importance of the great body of water known as the 
Bay of North America, exhibiting diagrams that brought out 
very clearly to the entire audience the various features of great- 
est importance in connection with a comprehensive and effective 
system of telegraphic weather service for the benefit of the com- 
merce of every nation frequenting these waters, as well as of 
the inhabitants of its coasts and islands, from Venezuela to 
Newfoundland. A photograph of a superb relief model, the 
property of E. H. Butler & Co., of Philadelphia, and constructed 
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by Mr. Mindeleff, of the U. 8. Geological Survey, illustrated the 
general topographic relief—-an essential feature in connection 
with meteorology; a chart of ocean currents indicated their im- 
portant bearing on the subject (which would be referred to 
more fully by the Hydrographer, Lieut. G. L. Dyer, U. 8. N., 
in his lecture on Ocean Currents), and a map of telegraph lines 
and cables, existing and proposed, showed that the shores and 
islands were joined by an almost perfect network, giving the 
most admirable facilities for an almost perfect system. The 
conclusion of Mr. Hayden’s paper was as follows: 

“Tn apology for having detained you so long to-night, I must 
plead the tremendous importance of the subject you have 
chosen for my remarks, the vast field it covers, the completeness 
of the records and data at my command, and my own absorbing 
interest in the subject. Here in this great Bay of North 
America commercial interests are at stake of vastly greater 
importance than in any similar body of water in the world, 
interests involving every commercial nation. To the north, are 
the British Provinces, already co-operating with our Signal 
Office, descendants of our own fore-fathers, and linked to our- 
selves by the strongest bonds of geographic position and com- 
mercial interests. Then comes this Great Republic, just grow- 
ing into the full strength of manhood, and reaching out the 
hand of peace and friendship, not of conquest, to all mankind. 
To the south, the Spanish American republics and the Greater 
and Lesser Antilles, where almost every European flag is repre- 
sented, and where the benefits of an efficient weather service, 
conducted by means of united efforts and well directed co-oper- 
ation, would be enormous. The completion of the Nicaragua 
Canal will soon change the great routes of ocean traffic, and 
divert into these waters half the tonnage of the world. Coin- 
cident with my recent visit to Havana, a Department of Marine 
Meteorology, or a Marine Observatory, has been established, 
under the direction of my esteemed friend Oaptain Luis 
Garcia y Carbonnell, of the Spanish Navy, and the French and 
Spanish cable companies, with a broad-minded and generous 
liberality, have granted him the franking privilege for his tele- 
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grams, over all their lines. Wiil it be too much to hope that our 
own companies will grant us the same privilege over their lines 
from Key West to Havana, and to Tampico, Vera Cruz and Pro- 
greso? Here at home we have had a superb weather service, the 
admiration of the world —a fact I would call to the attention of 
that portion of the press that racks its brains to get up cheap 
jokes about it — but circumstances have compelled it to devote 
almost its entire attention to the pressing needs of our great 
inland states, and to almost neglect commerce and the seaboard. 
I was amused the other day to read of the anxiety shown by 
Lieut. Maury, when in the full flush of the success of his great 
system of meteorologic observation at sea, to have the system 
extended to the land: “In my humble way,” said he, “I have 
been advocating the establishment of a similar system of 
weather reports and telegraphic warnings, not only for the 
shipping, but for the farmers also of the United States.” 
Shades of Maury, look down upon us now, and lend the influ- 
ence of your great name to help regain for your beloved ship- 
ping some small share of the benefits of the great system that 
you did so much towards organizing! 

I want to live tosee the day (and I expect to do it, too,) when 
there is a first-order light at Hatteras Shoal, Matanella Reef, 
and Hillsboro’ Inlet, in addition to the magnificent lights we 
have already, and when weather forecasts, at least as good as 
those signaled off to shipping at Hong Kong or in the Bay of 
Bengal, are available to navigators at every prominent light- 
house and head-land of the shores of this great Bay of North 
America. I intended to have read extracts from at least a few 
hurricane reports from vessels of our own build, and flying the 
stars and stripes,—the thrilling experience of the S. 8. “ Knick- 
erbocker,” or “ Manhattan” (two good old New York names), in 
these great hurricanes off our coast, and to refer briefly to the 
nautical skill and nerve of the gallant captain of the Royal 
Spanish mail steamer “Catalufia,” who, in the very teeth of 
the tremendous hurricane of last September, left the island of 
Puerto Rico on his regular trip to Havana, and held his course 
for ~—— in defiance of the great cyclone close behind him. 
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But time forbids. I cannot forbear, however, from reiterating 
the fact that it is to an American that we owe the discovery of 
the law of storms in almost all the perfection and simplicity 
that we know it to-day—a discovery that has revolutionized 
meteorology and resulted in the saving of thousands of lives and 
millions of dollars’ worth of property at sea. The empiric laws 
of Kepler in astronomy, the grand results in biology of Dar- 
win’s vast accumulation of facts and the deductions therefrom 
in the hands of that great master, find their parallel in the thor- 
ough and painstaking work in collecting data, the scientific skill 
and insight in their consideration and comprehension, and the 
lifetime’s devotion to this one subject, of Mr. Redfield, of New 
York.” 


STATE TORNADO CHARTS. 


By Lieut. JNo. P. FINLEY, 
SIGNAL SERVICE, U. 8. A. 


In commencing the publication of a series of over thirty state 
tornado charts in the JourNAL, the writer deems it of importance 
to preface their appearance by the following remarks, relative 
to their construction, the work upon which he has been engaged 
for over ten years. 

The occurrence and location of tornadoes are shown upon the 
accompanying charts by arbitrary symbols, the meaning of 
which is explained as follows: 

An arrow with three circles in place of barbs indicates loca- 
tion, direction of movement and length of tornado track. With 
one circle, it indicates location at one place and direction of 
movement, length of track not known. A cross with circle at 
center indicates location of tornado at one place, direction of 
movement and length of track not known. 

As a rule these symbols give approximate data only, especially 
as to the length of track. This is due in the main to imperfect 
reports from observers, which it has been impossible to avoid, 
owing to the service being voluntarily rendered. 
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To locate the tornado’s path and accurately measure its eutire 
‘ length would require expert knowledge, plenty of time and paid 
service. 

Each track must be separately investigated, and the begin- 
ning and ending of the storm accurately determined. Very few 
such measurements have ever been made or attempted, largely 
because exact data are exceedingly difficult to obtain. Evidences 
of the most violent storms are rapidly removed and obliterated 
by the people located along the path of the disturbance, and the 
investigator is forced to depend, largely, upon the memory and 
fancy of his witnesses. 

Moreover the place of beginning and ending is subject to two 
methods of determination, ohne of which relates to the actual 
destruction of property and the other to the meteorological 
development of the storm. 

The latter rarely, if ever, coincides in point of time and place 
with the former; moreover there are sometimes gaps (places 
where the funnel cloud rises above the surface of the ground) 
in the track, where destruction of property ceases and the storm 
cloud floats along at a safe distance, for a short time, to be sud- 
denly followed by a swoop downward upon the earth, there 
again to renew its work of death and desolation. 

Where it has been possible to obtain the information, the 
symbols, upon the charts, attempt to show the beginning of the 
formation of the tornado cloud; not necessarily the most inci- 
pient stages of development, but where the cloud formations 
gave the first unmistakable evidence of the peculiar character 
of the disturbance. 

It is quite evident to the meteorologist that, in attempting to 
indicate arbitrarily upon a chart, by certain symbols, the sup- 
posed path of an atmospheric disturbance, the first well defined 
evidence of the storm, meteorologically, should determine the 
commencement of the symbol. 

For both practical and scientific purposes this method of car- 

_tographical representation is valuable and necessary. 
I regret that unavoidable circumstances, affecting the collec- 
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tion of reliable data, has prevented the general application of 
this method in the preparation of the charts. 

In many cases the symbols represent only a section of the 
tracks, the reports of the storm relating to a portion of the path 
only. Gaps in.the tracks have not been indicated because, (1) 
the data regarding the same was not sufficiently accurate for 
charting, (2) the scale of the map was too small, and (3) it was 
considered desirable to represent the continuation of the 
meteorological disturbance which, for a short time, progressed 
(above the earth) in a somewhat modified form, by an unbroken 
line, leaving the evidence of the storm’s path on the earth for 
discussion in the text. 

Just where the force of the wind (when the cloud lifted or 
returned to the earth) overturned a building, twisted off a 
tree, or might have done so if the opportunity had been 
afforded, I have not attempted to mark in a special way upon 
the charts. 

It frequently happens that the tornado cloud, from the point 
of its inception, floats along for several miles, at a safe distance 
from the earth, now and then twisting off the tops of the high- 
est trees as it passes over a forest. The funnel-shaped monster 
is plainly in sight and has, in some well authenticated cases, 
been mistaken by observers for a balloon, escaped from its 
moorings. 

This drifting aloft of the funnel-shaped cloud may occur both 
before the path of destruction begins and after it ends, as well 
as here and there along the path. 

While preparing for the construction of these charts it was a 
matter of careful consideration whether the symbols should 
represent, exclusively, areas of destruction, or on the contrary 
indicate, as far as possible, both the path of destruction and the 
progress of the phenomenon as a funnel-shaped cloud, or vio- 
lent rotary movement of the wind. The latter method was 
accepted as the proper one to be employed and the charts pre- 
pared accordingly. 

While conducting investigations in the field in 1879, 1882 and 
1883, opportunity was afforded of making some satisfactory 
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measurements of tornado tracks. But this work became imprac- 
ticable on account of expense and the necessity of hurrying from 
one storm to another, in order to obtain reliable notes, and 
sketches of locations and their peculiarities. The investigator 
must be promptly on hand after the occurrence of a tornado, for 
much, if not all of the more important evidences will be entirely 
removed or otherwise destroyed. 

Under these circumstances I left the field. and established 
a large corps of special correspondents (about 3,000) desig- 
nated Tornado Reporters, and located in every State and 
Territory. 

Some of these observers have made unusual efforts to obtain 
exact information, and all of them have manifested much inter- 
est in the work, faithfully performing the service, voluntarily 
rendered, and are continuing to do so. 

Concerning the direction of movement, as indicated by the 
symbols, the record may be considered to be fairly accurate. 

As simple as one would naturally think this information to 
be, it has been and is surprisingly difficult to obtain it with accu- 
racy from voluntary observers, and newspaper reports are still 
more uncertain. Much of the difficulty arises from failure to 
determine the average or general direction of the storm. The 
path of a tornado, if considered carefully in detail, will be found 
to be quite irregular, zig-zagging to the right and left of a cen- 
tral line or general trend of the storm. 

The direction of one of these tangential movements used to 
be frequently reported for the general course of the progressive 
movement of the entire disturbance. Small deviations from the 
general course of the storm could not be indicated on the charts 
with the scale used. 

The width of the tornado tracks is not attempted to be shown 
upon the charts, but where reported is given in the tables. 

There is considerable uncertainty about this datum, as some 
measurements were evidently made to embrace the limit of sen- 
sible winds on either side of the storm’s center, while in other 
cases it was the area of greatest destruction or an average of 
both results. 
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In some cases the extremes were reported, and in others a 
general average of several measurements, at different places in 
the path of the storm. 

The official instructions required observers to obtain the 
extremes and the general average width from several measure- 
ments. 

In studying the great mass of data, regarding local storms, 
which reached the Signal Office, in Washington, from various 
sources I made it essential to the final designation of a tornado’ 
that the funnel-shaped cloud should be observed by at least one 
credible witness, or, in absence of such observation, which of 
course would be impracticable at night, the existence of evidence 
in the destruction of property, in the path of the storm, that a 
violent rotary movement of the wind prevailed. 

The funnel-shaped cloud may be formed and move over a 
considerable area of country without actually reaching the 
ground to cause destruction, the spout end of the cloud remain- 
ing a hundred or more feet above the earth. There are many 
such cases on record, a notable one being reported from Colum- 
bus, Ga., on October 2nd last, and published in the Weather 
Review for that month. 

If we care for the name tornado to define a distinct class of 
local storms, then the funnel-shaped cloud, as shown by a dis- 
tinct rotary movement of the wind, or by peculiar destruction to 
property, should be made the condition of classification. 

Both for the purpose of study and practical results I think 


this manner of distinguishing the tornado desirable. It leaves 


no doubt as to where the line should be drawn and recognizes 
a peculiar and important class of meteorological phenomena, 
independent of their effect upon life and property, which it 
is quite well known that they can destroy if given an oppor- 
tunity. 

To give too much prominence to the element, destruction of 
property, would tend to increase the number of storms reported 
as tornadoes. 

The following are the authorities for the data submitted on 
the charts and in the tables: 
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1. Reports from Signal Service Stations. 

2. Reports from Voluntary Observers of the Signal Service. 

3. Meteorological Reports from Array Post Surgeons. 

4. Monthly Meteorological Registers, Smithsonian Institu- 
tion. 

5. Special Reports from Tornado Reporters of the Signal 
Service, to provide for which thirty-five (35) circulars were pre- 
pared and distributed. 

6. Monthly Reports from State Weather Services and spec- 
ial reports from State Weather Service Observers. 

7. Smithsonian Contributions to Knowledge. 

8. Records of State Lands Surveys. 

9. American Journal of Science. 

10. Blodget’s Climatology. 

11. Reports of State Historical Associations. 

12. Niles American Register. 

13. The American Almanac. 

14. Lapham’s Records of Great Storms, Hurricanes and 
Tornadoes. 

15. Lake Survey Reports. 

16. Reliable Newspaper Reports. 


WISCONSIN TORNADOES. 


“Windfalls” are the tracks of tornadoes through forests as 


shown by the prostrated and confused masses of timber. In 
many cases there remain but the skeletons of these ruins and 
their location is known only to Indians, trappers, hunters and 


surveyors. 

There is not a state east of the Rocky Mountains that has 
escaped these serrated tracks through its forests and the record 
of their occurrence will, in many cases, be found upon the plats 
of the early State surveys. 

“Windfalls” both of recent and very early date, are still to 
be found in the heavy forests east of the Mississippi. 

The late Prof. I. A. Lapham, of Milwaukee, Wisconsin, at- 
tached to the Signal Service in 1870 to 1872, made, in the latter 
year, a very exhaustive and interesting report on the “ windfalls” 
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of Wisconsin. As the result of a careful examination of the 
plats of public surveys, made within the State, he discovered 
and marked upon a chart the location and approximate length 
of path of 360 “windfalls,” or tornadoes, the exact dates of 
occurrence of which it was impossible to give, the surveyors 
noting simply the date of the discovery of each track. 

According to the records of the Signal Service, the total 
number of tornadoes in Wisconsin for the period of 1843 to 
1888 (46 years) is 81. Add to this record the number of “wind- 
falls” reported by Lapham and we have the remarkable total of 
441 tornadoes. 

The length of these “windfalls” varied in the extreme from 
one to fifty-five miles, the majority extending a distance of from 
two to five miles, but in all instances showing great violence. 

A still more remarkable feature of these “windfalls” is the 
statement made by Prof. Lapham, that they are supposed to 
have all occurred within a period of about ten years, or at the 
rate of thirty-six storms per year. 

If this be the fact, and the record seems to warrant the state- 
ment, then Wisconsin is certainly one of the tornado states, and 
the record from 1843 to 1888 should be increased from 441 to 
1,656 tornadoes. 

If the average yearly number of tornadoes for Wisconsin is 
thirty-six, then the record for 1888 is about thirty-six per cent. 
below the normal. 

The Wisconsin “windfall” data make apparent the imper- 
fect records of the Signal Service as to the number of torna- 
does in each State and the importance of completing these rec- 
ords, as far as possible, by a careful examination of the plats of 
public surveys in each State. It may be that some of the “ wind- 
falls” reported by Prof. Lapham were caused by straight winds 
and not by the “twister,” the western nom de plume for torna- 
do, but it is hardly likely, as the track of a “windfall” shows a 
perfect swath cut through the forest, and such power, especi- 
ally in the interior of the country, is not manifested by surface 
winds blowing from one direction. 
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TABLE I.—-Tornadoes in Wisconsin.* 


Period of observation, 46 years, 1843-1888. 
Total number of storms, 81. 
Year of greatest frequency, 1888,— 13 storms. 


Month of greatest frequency, July,— 27 storms. 


Days of greatest frequency, June 11th, July 8th, and August 4th,— 


4 storms. 
Hour of greatest frequency, 4 to 5 Pp. M. 
Months without storms, January, February, and December. 
Prevailing direction of storm movement, N. E. 


Region of maximum storm frequeney, central antl southeast portions. 





*The map for Wisconsin will appear in the next number. 
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Dew- Point Tables. 


CORRESPONDENCE. 


DEW-POINT TABLES. 


The recent publication of the excellent “Meteorological 
Tables,” by Mr. H. A. Hazen, gives occasion to call attention 
to the relative advantages afforded by different forms of dew- 
point tables. The tables in this collection, like those now used 
by the Signal Service, give the dew-point and relative humid- 
ity in one table of double entry whose arguments are the air 
temperature and the depression of the wet bulb thermometer 
These values, however, are subject to a correction for air press- 
ure obtained from a second table. In the accompanying text 
this correction is termed a “refinement.” This arrangement of 
the tables has recently been adopted by the Signal Service 
replacing a form first recommended by Kimtz. In Kamtz’s 
tables the dew-point is obtained by using two tables, and the 
humidity is obtained from a third. The first table is one of 
vapor tensions; the second gives the second term of the psy- 
chrometer formula, and the arguments are the pressure and 
the depression of the wet bulb thermometer. Kamtz’s tables 
give the dew-point indirectly, and are applicable with equal 
labor to any pressure or any dryness. 

The form now used by the Signal Service and given in the 
“Meteorological Tables” seeks to reduce the labor by giving the 
dew-point directly computed for an average pressure of 29.4 
inches. For stations of high humidity where this average 
pressure prevails, as on the Atlantic and Gulf coasts, this form 
gives great simplicity to the computation of the dew-point, and 
is an excellent improvement. 

But for regions in the West having a high altitude and a low 
humidity, the “correction for pressure” is no longer a “refine- 
ment,” but becomes an essential part of the computation. In 
this case the Signal Service tables become more involved than 
are those of Kamtz. To test this I have placed both forms of 
tables in the hands of an observer previously unacquainted 
with either, and after trying each he expressed his decided pref- 


“ 
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erence for those of Kamtz because of their greater simplicity. 

An equally serious objection to the present Signal Service 
tables for high and dry regions arises from the fact that the com- 
putation of the dew-point becomes in some cases impracticable. 
This is due to the very rapid change of the dew-point for large 
differences between the wet and dry bulb temperatures, render- 
ing interpolation inaccurate. Moreover, observations have re- 
cently been made by the writer in which these tables are 
entirely inadequate for the computation. It seems apparent, 
therefore, that in a collection of meteorological tables for gen- 
eral serviceability the working meteorologist needs dew-point 
tables arranged according to Kiamtz, or some equivalent there- 


for, in addition to the form given in Mr. Hazen’s collection. 
Empupo, N. M. G. E. Curtis. 


To the Editors: Iam glad that Mr. Curtis calls attention to 
this question. It is an important one in the sense that thou- 
sands of dollars have been spent in investigation and in the 
formation of tables which would be susceptible of a supposed 
great accuracy. I have in mind a set of tables, containing 37 
pages, constructed with great labor, based upon the idea that at 
elevations of 2000 feet, or more, a reduction should be made. 
These tables, when compared with present ones, have errors of 
30 and more degrees in the dew-point at great dryness, and have 
serious errors at 32° of the wet bulb. It seems to me very 
important to settle this question if possible. 

Mr. Curtis agrees that for all low stations the tables are satis- 
factory. This includes about 80 per cent. of the stations in this 
country and more than 90 per cent. of all in the world. It 
might be well to allow this small portion to use the Kamtz 
form recommended by Mr. Curtis. But this form is exceedingly 
laborious to apply and liable to serious errors which it is impos- 
sible to check except by spending thousands of dollars for clerk 
hire. In fact, the objection became so serious in one instance 
that a demand was made for other tables, and as soon as they 
could be had all the Kamtz form were destroyed. In this dis- 
carded form it is necessary to obtain: 
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lst. The vapor pressure corresponding to the wet bulb reading. 

2d. From another table a reduction for height. 

3d. With this reduced vapor pressure, from the first table, 
the dew-point. 

4th. With this dew-point and the air temperature from a third 
table the relative humidity. 

With the table given in the “Handbook,” all of this labor, 
chance for error (cumulative in the use of each transformation), 
besides an enormous saving of time is effected, by making a 
single table from which the dew-point and relative humidity 
may be taken at a glance, just the labor involved in (4) above. 
In fact, if it is admitted that we must have reductions for high 
-stations, it would be extremely inadvisable to adopt the Kamtz 
form, but the same result could be attained by constructing a 
table at the station for its height, which could easily be done 
from the tables in the Handbook, and would .in the end save 
months of labor. 

But let us examine this question more closely and see how 
“essential a part of the computation” this reduction is, and what 
is its value. We note as follows: 

a. At extreme dryness we have no observations to check the 
formula. 

b. At this state it is very difficult to obtain satisfactory wet 
and dry bulb readings. 

c. At this state the dew-point cannot be used satisfactorily, 
and a difference of 15 or more degrees is inappreciable. 

d. At high stations the dew-point cannot be used at all, owing 
to extreme variability even at neighboring stations. 

e. No practical use can be made of humidity observations 
even at low levels, and it would be very foolish to talk about 
differences of 15 or more degrees in the dew-point. 

If any one doubts the utter uselessness of comparing dew- 
points at heights of 5,000 or 6,000 feet, let him examine the 
regularity and steadiness at Charlotte, N. C., and Lynchburg, 
Va., and then the extreme variability and fluctuations in opposite 
directions as Cheyenne and Denver, which are only half as far 
apart as the first two, and one is only 810 feet higher than the 
other. 
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Mr. Curtis thinks the “Handbook” tables are impracticable 
and inadequate at high stations for extreme dryness. 

It is a little singular that this has not been the case in a two 
years’ use at Signal Service stations with the exception of 
Pike’s Peak, which has a special table. But this difficulty can 
be very easily met, if necessary, by placing the values of x 
in Part I, where the dew-point runs, out and using that value 
directly with Part II. 

It will be a great boon to weather predictors if Mr. Curtis 
will find some use for humidity observations, but it is utterly 


useless to try splitting hairs on the question as it now stands. 
H. A. Hazen. 


January 31, 1889. 


Forecasting the’ weather is not the sum total of the uses of 
meteorological observations, and for other purposes some ‘prac- 
tical use can be made of humidity observations’ both at low and 
high levels. 

If dew-points computed for high stations with sea-level pres- 
sures may confessedly be in error fifteen or more degrees, they 
are not valuable for climatology, however satisfactory they may 
be for weather predictions in the present stage of that art. 

G. E, Curtis. 





CURRENT NOTE. 


CLIMATE AND ConsumpTion.— Dr. Denison, of Denver, in an 
article read before the ninth International Medical Congress, 
and lately reprinted, advocates a dry, cool, elevated, sunny, and 
variable (as to temperature) climate as preferable to the oppo- 
site features. He believes in a pure, as opposed to a smoky, air; 
in a mountainous country, involving quick drainage; in a climate 
of frequent electric changes; and in moderate winds and inland 
altitudes, as the best for consumptives. His reasons are given in 
detail in the article referred to, and they lead him to the belief 
that Colorado 1s, with some reservations of minor character, 
especially suited to consumptives. 
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TOGETHER WITH THE TRACKS OF THREE OTHER NOTAB. 
Supplement to the Pilot Chart of th 
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REPORTS: RECEIVED OF THE “W. L. WHITE.” 


Marcu 13,—Schooner “ W. L. White,” lumber-laden, was abandoned, water-logged, 
about 80 miles ESE. from Absecon light. All masts standing, two reefs in mainsail, 
American flag (union down) in mizzen cross-trees, burgee about half way up mizzén 
igging. Wind N NW. very heavy for 24 hours before and after abandoning the ves- 
«a § George Phillips, Second Officer, schooner “W. L. White.” 

Marcu 19.—In latitude 37° N., longitude 73° 37’ W., saw schooner with signals 
of distress flying. Passed close to her and found her to be the “W. L. White,” of 
Rockland, lumber-laden, water-logged and abandoned. All a standing, two reefs 
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June 29.—In latitude 4 
schooner “ W. L. White,” of Rockland. 
lbowsprit at the knight-heads; paris of main and mizzen masts standing. Th 
chor was hanging by the fluke to the bow rail; bulwarks were intact. —Ca in 
British steamship “ Norseman.” 
* Juty 3.—In latitude 44° 50’ N., longitude 44° 06’ W., passed the derelict schooner} 
W. L. White,” of Rockland, in a dangerous condition to navigation.—Captain Shaw, 
British steamship “ Inflexible.” 

Juty 4.—In latitude 45° 13’ N., longitude 43° 56’ W., passed the wreck of the three- 
Imasted schooner “ W. L. White,” of Rockland. The wreck drives about 5 or 6 feet 





in mainsail, flag (union down) 7 rigging. Wind at time, oderate; March 18, high; two masts are standing about 25 feet above the deck.—Captain Meyer, German 
+) IE | 








wind NW., gale; March 20, wind t.—Capt. Graham, Am. b’k “Glad Tidings.” steamship “ Elbe.” ) 
Marcu 23.—In latitude 37° N., longitude 65° W., the abandoned U. 8.) Juxy 11.—In latitude 46° 40’ N., longitude 42° 58’ W., the wreck of a large} 
schooner “W. L. White.”—Captain Smith, British bark “ Frank Stafford.” vessel ; the trunks of two masts were still standing.—Captain Frangeul, French steamship 
*Marcu —.—In latitude 39° 20’ N., longitude 63° 03’ W., passed two mast-heads |“ Ta Bou ” 


Juty 18.—In latitude 47° 27’ N., longitude 41° 48’ W., passed the wreck of 
the “ W. L. White,” still in a very good condition, and a dangerous obstacle to nav- 
igation.—Captain Barends, German steamship “ Moravia.” 

Aveust 7.—In latitude 48° 52’ N., longitude 38° 58’ W., passed close to 
the derelict schooner “ W. L. White;” main and mizzen lower-masts standing ; 
main deck awash amidships ; down slightly by the head; starboard cable tow- 
ing.—Captain Sumner, British steamship “ Egypt.” 

Aveust 7.—In latitude 48° 51’ N., longitude 38° 39’ W., sighted and sailed 
round the derelict schooner “ W. L. White.” —Capt. Barr, Br. yacht “ Minerva.” 


just above water, apparently attached to a vessel which seemed to have been a short 
time in the water.—Captain James, British steamship “ Pawnee.” 

Marcu 31.—In latitude 40° 04’ N., longitude 61° W., saw a three-masted schooner, 

inted green’; foremast gone by deck, parts of main and mizzen masts standing; “ W. 
[. White” on quarter. Derelict flush with water, sea going right over her. Fore- 
mast hanging over the sides, and part of mizzen trysail over the quarter. Apparently 
not long in the water.—Captain ? sont British steamship “California.” 

APRIL 8.—In latitude 40° 24’ N., longitude 55° 20’ W., sighted a wreck to the 
northward. Two lower-masts were standing and a vessel lying near.—Captain Kopff, 
German steamship “ Moravia.” 

APRIL 17.—In latitude 39° 39’ N., longitude 51° 11’ W., passed close to a bark, 
abandoned and water-logged, about 800 tons; foremast gone at deck, main and mizzen 
masts standing; painted black; apparently flush deck. No signs of cargo working 
out nor spars alongside. Very dangerous, as she shows very little above water, except 
spars.—Captain Hale, American bark “Sarah.” : 

May 9.—In latitude 45° 45’ N., longitude 41° 10’ W., passed a water-logged dere- 
lict, with main and mizzen lower masts standing ; too dark to read the vessel’s name.— 
Captain Fitt, British steamship “ Brooklyn City.’ 

Gar 14.—In latitude 45° 57’ N., longitude 39° 06’ W., the wreck of a 
ship, with foremast gone, main and mizzen lower-masts standing.—Capt. Richter, Ger. 8. S. “Saale.” 

Ay 24.—In latitude 45° 25/ N., longitude 39° 45’ W., passed the “ W. L. White,” of Rockland. 
| Main and mizzen lower-masts standing; remnants of spanker and gaff hanging over the starboard 
quarter ; poop and forecastle above water; apparently a three-masted schooner; main deck awash. No 
signs of life visible. Name on stern and both quarters.—Captain Weiss, British steamer “ Exeter City.” 

May 30.—In latitude 44° 25’ N., longitude 39° 40’ W., passed the “W. L. White,” of Rockland; two 
stumps of .lower-masts standing.—Captain Freeth, British steamship “ British Princess.” 

May 30.—In latitude 44° 18’ N., longitude 39° 37’ W., a vessel which had lost its foremast and bow- 
Pri the main and mizzen lower-masts remaining; the main deck was under water. The name of this wreck is 
“W. L. White,” Rockland.—Captain Bédeker, German steamer “ Braunschweig.” 
| May 30.—In latitude 44° 19’ N., longitude 39° 34’ W., passed the derelict schooner “W. L. White,” of Rock- 

land.—Captain Wills, British steamship “ British Queen.” 

June 5.—In latitude 44° 43’ N., longitude 40° 38’ W., passed the wreck of a sailing vessel, which seemed to be 

“W. L. White,” of Rockland. She was driving between wind and water, and was very dangerous, being in the 

| track of steamers—Captain Smith, Belgian steamship “Jan Breydel.” 
= | fo gi ay 

standing.—Captain Bond. British steamship “‘ City of Chester.” 
June 17,—In Jatitade 45° 04’ N., longitude 41° 26’ W., passed a large vessel with 
| passed a three-masted schouner full of water, main and mizzen 
| masts broken off 24 feet above the deck, the bowsprit and 
| 
danger to navigation.—Captain Boujer, Dutch steamship 
“Amsterdam.” 
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June 7.—In latitude 44° 30’ N., longitude 39° 49’ W., the wreck of the “ W. L. White ;” 
remast gone, main and mizzen masts standing.—Ca| ord, Br. 8. 8. “City of Richmond.” 
JUNE 9.—In latitude 44° 33’ N., longitude 39° 46’ W., passed the wreck of a large vessel 
with of main and mizzen masts standing, foremast entirely gone. The vessel was derelict, 
and there was no boat remaining.—Captain Stenger, Dutch steamship “ Leerdam.” 
JuNE 11.—In latitude 44° 21’ N., longitude 39° 49° W., the derelict vessel “W. L. 
1 White,” water-] and timber-laden ; deck stove in and part of main and mizzen lower-masts 
| poop and pg pr forecastle ; main deck about awash ; bowsprit and foremast 
| gore parts of main and mizzen masts standing, broken off below tops. 
assed her during the evening, so that her name could not be ascer- 
tained.—Captain Irving, British steamship “ Celtic.” 
JuNneE 17,—In latitude 45° N., longitude 41° W., a wreck with 
| foremast and > gone.—Capt. Christoffers, Ger. 8, 8. “Aller.” 
June 20.—In latitude 45° 34’ N., longitude 41° 40’ W., 
foremast broken close off to the deck.—Captain de Jousselin. 
French steamship “ La Bretagne.” 
H} Jone 21.—In latitude 45° 22’ N., longitude 41° 36’ W., 
| saw the wreck of the three-masted schooner “ W. L. White,” 
of Rockland. The foremast was overboard, and both the 
other masts were broken off about 10 feet above the deck, Jorvour 
which was level with the water. ‘The wreck was a 
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*The date of this report (March 18), ascertained Souhpore // 
since the above paragraph was printed, shows ti 
that it could not have referred to the ‘‘ White.” 
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of the North Atlantic Ocean for February, 1889. FEBRUARY, 1889. 
een te ene, Bee Sas” Pag a gt Waal le 
ort an- wy Lr wie" Gale Posten, or = waaay Ah cae anaes: sel. Her jibboon and foremast were gone, the main and mizzen lower-masts standing ; 








liame, ; © 37! itud , ithe top of the main lower-mast was broken. At her stern she had # boat’s davit rigged 
— : » longi 37° 43’ W., passed a k, - |the top 
as Pade: geil aie yards.—Captain Kehlewein, Gerean out, but the boat was away. The deck was nearly down to the water, the seas going 
iron # “Gellert.” ad ' right over her. She seemed to be a bark or three-masted grag We ga as 
Ma nd ; : 7 passed i « yw |but nobody was to be seen, she having been abandoned by her crew. rk and rain 
L corer moe a . Tit semmthip * Diockem on caine, weather prevented us from seeing her name.—Captain K rouel, German bark “ nu 
ty “avauer 28 Fin latitude 47° 56’ N itude 36° 45’ W., passed the derelict “W Noeong) Lipa t — a 12’ N., longitade " 20’ pt — i a 
© et ‘ The fe oat > fee 1 +» Ischooner “ W. L. ite,” with foremast gone, stumps of main and mt masts stand- 
: L. White.” The foremast, bowsprit, and deck were gone; lower parts of main and miz-|° - .. oes ae 
zen toe standing ; hull covered Se water line with grass and barnacles.—Captain Walker, |'=g-—Captain — ow ; mr — 13’ W eo wuetk of the 
itish steamship “Gephalonia.” OcroBER 9.—In latitude 51° 12’ N., longitude .» passed h 
8 ange ree ewe '90. In latitude 47° 30/ N., longitude 36° 42’ W., pateed the derelics|“W. 1. ee es ee ee 
“Ww 0? . ve ‘ z : _|Christensen, Norwegian bark “ Velox.” ? 
ee atm 3 St ee bak a ae ene Ocroser 22.—In latitude 50° 53’ N., longitude 35° 25’ W., passed the wreck of the 
of poe 36 —In latitade 47° "42! N., longitude 37° 05’ W., passed a three-masted h “ Ww. L. White ; , wee Se = mizzen masts standing; main deck 
schooner of about 500 or 600 tons, full of water.and abandoned ; foremast gone by the|@0e-—Captain Gore, British steamship and 4 Cy.” w —_ 
deck; main and mizzen masts broken off below the top ; appeared to be timber-laden.—| OcToBER 30.—In latitude 49° 49 N., — je 35° 14’ W., passed a wreck wit 
o. se Sinclair British bark “ Landskrona.” ‘ stumps of three masts standing. It looked like a large ship with timber. The ni | 
emeen 4.—In latitude 48° 21/ N. longitude 36° 17’ W., about 3.30 a. m. “Ob k, 80 I could not tell how large she was.—Captain Sargent, British s PL 
6 - : ? O ?. oo , nis io.” 
/ ee te Sh nen m7 ap lenpy Hom y ship of NovemBer 29.—In latitade 50° 18’ N., longitude 22° 05’ W., passed the wreck of $. 
‘ |about 1,200 tons; lower main and mizzen masts standing.—Captain Bambach, German vessel floating deep in the water. Apparently she was a three-masted schooner, wi 































































fi i ’ foremast, jib-boom and all gear attached gone. The stumps of main and mizzen masts 
Vf o nel / were stand , the latter evidently bent or broken. Everything bad a weather-worn 
Vif / / |e te was first seen about a point abaft the beam, about 4 or 5 miles distant, 
/ // otherwise a better description could be given. Wind, W.; fresh and squally.—Captain 
Ad // V4 _ a Kelley, British steamer “British King.’ We A Mallar 
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A telegram dated Stornoway, Hebrides 
islands, Scotland, January 23, 1889, marks 
the termination of the remarkable cruise of 
this derelict veasel. Abandoned off Delaware 
bay during the great blizzard, March 13, 1888, }}P* 
e has now completed her long and erratic trans- 
atlantic voyage, and lies stranded upon Haskeir island, | 
one of the many little rocky islands of the Hebrides, in 
latitade 57° 42’ N, longitude 7° 42’ W. The track of 
this vessel, as plotted on the Pilot Chart from month to 
month during this long interval, has been of constantly | 
increasing interest, and a study ‘of the complete record pub- 
lished herewith, in connection with her track and the tracks 
of other derelicts plotted on this Chart, cannot fail to be 
valuable to every navigator of the North Atlantic, as illus- | 
trating the general course followed by these dangerous 
obstructions to navigation, and the irregylarities to which 
this general course is subject. The fact may well be noted | 
here that the tracks and latest po positions of derelicts and wreckage on 
the high seas are shown on no other Chart but the Pilot Chart, and the —_ | 
ot 











to navigation caused by them is sufficiently indicated by the mere stateme’ | 
the number recorded each month in the North Atlantic alone varies from twenty- jag 
five to as many as forty-five, every great ocean storm largely increasing the num- 
ber. The attention of masters of vessels is especially called to the necessity of 
supplying this Office with exact detailed descriptions of all such derelicts sighted, | 
in order to make it possible to identify them with others previously reported. 
-. The following brief summary of the leading features in the cruise of the 
“White” will be found of interest: She was a three-masted schooner |] 
belonging to Mr. A. F, Ames, of Rockland, Me., lumber laden, and after 
~~, ~ } being abandoned started off to the southward under the influence of the 
“ : inshore current and the northwest gale, with masts and portions of her 
sails standing, and ensign set with union down. Upon reaching the Galf 
stream she turned away to the eastward and commenced her long cruise 
toward Europe, directly in the track of the thousands of vessels e in | 
transatlantic commerce, drifting blindly about at the mercy of wind and cur- 
rent. The most remarkable feature is the, zig-zag track she followed in mid- 
ocean, between lutitade 44° and 51° N., longitude 33° and 44° W., from the [llen 
Y beginning of May till the end of October. . Previous to this time she followed a 
2 course about E NE. at an average rate of about 3% miles a day, and subsequently i 
% 7 3 she moved E. and NE. 1,260 in-84 days, an average of 15 miles a a but during this 
. cS long interval of six months she remained within this comparatively small area, drifted 
back and forth by the Gulf stream and the Labrador current, and tossed about by the 
varying winds, a constant menace to navigation along the greatest highway of ocean com- 
merce in the world. During these six months alone-she was reported by 36 vessels, three of which | 
sighted her in a single day. In her cruise of ten months and ten days she traversed a distance of || 
more than 5,000 miles, was reported 45 times, and how many more vessels passed dangerously near | 
her at night and in thick weather it is impossible to even estimate. 
J FE. The direction and force of the wiuds that helped to determine her track during this long voyage, I 
as indicated by reports from hundreds of vessels in her vicinity at various times, were as follows : |} 
/ For a week after being abandoned, and in fact throughout March, with the exception of four days, } 
she experienced northwesterly winds of varying force. Westerly winds continued during the first Hac 
nine days of April, followed. by five days of variable. From April 15 to 18 she encountered a 
strong westerly gale, followed by southerly winds, which prevailed the remainder of the month. |} 
Throughout May the winds were very variable, never more than two days in succession from the 
same direction. Moderate northerly gales were experienced on the 6th and 20th, and a fresh gale i 
from SE. on the 23d. Variable breezes continued throughont June, with westerly gales on the 
24th and 30th. July opened with a moderate gale from west, followed by southwesterly winds for | 
a fortnight, hauling to west and NW. Similar weather prevailed during August, with the excep- |]} 
tion of moderate gales from the eastward on the 6th, and from the westward on the 16th, 17th and | 
22d. Generally westerly winds prevailed from September 1-19, and easterly during the remainder 
of the month. During November the winds were wésterly throughout, including several strong | 
gales. Variable breezes were encountered during the first half of December, but daring the |] 
remainder of the month the prevalent directions were from 8. to W., with strong westerly gales \| 
from the 19th to the 25th. Southwesterly winds prevailed from January | up to the time | . 
— ashore ou ap ee! — rll 
history of this derelict furnishes the strongest ible f of the importance o 
of this subject to masters of vessels, as well as of tao csedial engpert which they have || 
ie given to this — a to collect and publish earl cater eer ms | 
ini ee tion by means of which t is danger to navigation may be diminished. various 
~ o ee commercial! nations should unite in the effort to keep the sean clear of such f 
a ie vu, > SS& obstructions, and it is = subject that may well be discussed by the forthcoming 
- ‘ ts * ¥ ; NV eS : Internationa! Maritime Conference. Evererr Haypss, | 
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sions. Herein, too, may rest the explanation of the apparent 
thickening of the flash in certain parts of its path 

The Committee do not intend, it is to be hoped, to stamp th: 
terms above used, as class names upon different appearances of 
a lightning flash, but use these various terms merely as an aid 
in deseription. Otherwise, we might soon have established 
nomenclature for lightning flashes as involved and confusing as 
the older cloud nomenclature 

One anomalous appearance is recorded where the photograp! 
shows five ordinary white flashes and one dark streak of pre 
cisely the same character as the bright streaks \ purely me 
chanical explanation is offered, attributing it to an intense flash 


and resulting over-exposure, but this should not be allowed to 


pass unchallenged, as we may find there are really dark flashes, 


that is, a flash of such character as to affect the plate in this 
manner. We have met with dark areas in laminous flames. 

We cannot let the opportunity pass, of calling attention to an 
admirable suggestion of Doctor Oliver J. Lodge,* on the use of 
a rapidly moving camera in photographs of this nature. “A 
camera revolving at any ordinary pace would probably give each 
single flash unaltered, and might also analyze multiple and com- 
plex flashes into their constituents.” 

“One good method, if not too troublesome, would be to arrange 
a double camera with component axes parallel, so as to photo- 
graph the same flash in both halves, but with the sensitive plate 
in one fixed and in the other rapidly revolving.” 

The writer wishes to suggest to photographers the great desir- 
ability of photographs of aurorae and the commoner forms of 
heat lightning. Though lacking at fivst glance the attractive 
features of the more pronounced forms of electrical discharges, 
they will be found in the long run the more int resting and val- 
uable, just as they will prove most troublesome to obtain. 

The photographic reproductions and autotypes accompanying 
the report of the Royal Society’s committee enhance greatly 
its interest and worth. The report was drawn up by the Hon. 
Ralph Abercromby. A. M. 


* Nature, July 12, 1886. 
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DRAPEP’S SELF-RECURUING THERMOMETER, 


DESCRIPTION OF THE INSTRUMENT 
AND DIRECTIONS FOR ITS USE. 


This thermome’ zr 
gives a permanent 
and continuous rec- 


ord in ink of the 

temperaturee The 

chart indicating 

hours of the day and 

days of the week, 

gives the degrees of 

temperature from 20° 

below zero to 110° 

above. All instru- 

ments are accurately 

adjusted and war- 

ranted. The record 

is easily read and ab- 

solutely correct. Sold 

K if by the leading in- 
i) Iii al | strument dealers and 
r opticians throughout 

THE Draden MES Co. 2 the United Statesand 


152 FRON os 
ate 5 YORK. : Canada, and by 





The DRAPER 
MANUFACTURING CO., 


Protected by Letters Patent in the Unit pent Coete, Groat Cited ; 
rance, Germany, Austria, Hungary and Belgium. Owners of the United 
States and foreign 


MANUFACTURED BY THE patents, 152 Front 


DRAPER MANUFACTURING COMPANY, low Y 
152 FRONT STREET, NEW YORK CITY. = treet, New York. 


BAILEY'S 20 NUH GOSMOSPHGRE 


With metal coverings and constellation 
figures is worth “all the Globes and Tel- 
lurians ever constructed for makin 
plain the causes of Celestial phenomena.” 
“The constellations and their motions 
are shown in correct position and not 
reversed as in the ordinary Celestial 
globes.” 

“The changes of seasons and varying 
length of days are clearly shown.” “An 
indispensable help in teaching Astro- 
nomical facts.” 

Correspondence solicited with one 
good teacher in each State who has-the 
ability to sell goods and time to devote 
to it. Address 


"MICHIGAN SCHOOL FURNITURE CO., 


Nerthville, Wayne Co., Mich. 


STANDARDIZED AND WARRANTED. 











STANDARD THERMOMETER. 


LEGIBLE, AN. "At ACCURATE 


5 inch Dial. 8 inch Dial. 


$BS.0O, 


(Metallic.) 


Special Thermometers for Meteorologists with or without Telemeter 
attachments. 


AGENTS: 


THE FAIRBANKS SCALE HOUSES 


In the principal cities of the United States. 


Medical and Surgical Sanitarium, Battle Creek, Michigan. 


THE LARGEST SANITARIUM IN THE WORLD. 


This Institute has for-many years enjoyed an increasing patronage from all parts of 
the United States and Canada, during which time more than 10,000 Patients have enjoyed 
the benefits of its unrivaled facilities for the treatment of all forms of Chronic Diseases, 
including special-departments for the Eye, Ear, Throat, and Lungs, together with dis- 
eases peculiar to each sex. Every Remedial Agent of Known Value is Employed. 

The managers have spared no expense to perfect the appliances of the Establishment 
to the highest degree, and.regardless of cost; and a personal acquaintance with the lead- 
ing Sanitariums of both this country and Europe, enables us to say that no where else in 
the world can the invalid in search of health find so great an assemblage of means and 
appliances for combating disease as found here. 


Address, for circulars and further information, inclosing stamp, 
SANITARIUM, Battle Creek, Mich. 


























